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_WESTARDAIR 
RETARDERS 
at 


Temple Mills 


Thirty years of practical experience 
is embodied in the design and 
construction of these 


WESTINGHOUSE 
WESTARDAIR RETARDERS 


They give maximum reliability with 
minimum of maintenance, are flexi- 
ble, easily installed without heavy 
foundations, and can be mounted 


on curves. 


A further installation is now in hand 
at Perth, Scottish Region, where 
the operation will be 


FULLY AUTOMATIC 


Made in England and installed by 


Westinghouse Brake and Signal 


Co. Ltd. 
82, York Way, London, N.1 


Westinghouse are also licensed to manufacture, and will be pleased to supply the SAXBY type retarder 
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IN THE BELGIAN CONGO 
p< COCKERILL-OUGREE 
- | CONTRIBUTES 
TO THE MODERNIZATION 

OF RAILWAYS 


Under the most severe climatic 
conditions and over the mountain- 
ous route between Matadi and 
Leopoldville, these 1750/1600 HP 
diesel-electric locomotives are ope- 
rating day and night on the heavy- 
traffic OTRACO Railroad. 


its complete line of diesel-electric 
notives ranging from 600 to 2000 HP, 
under licence from Baldwin-Lima- 
ton Corporation, specially engineered 
assenger and freight service, COCKE- 
DUGREE has within its wide programme 
yrecise unit which will perform econo- 
lly and reliably any specific job under 
conditions of climate and terrain. Cockerill-Ougrée has also specialised in the 
production of diesel-hydraulic locomotives 

ranging from 200 to 800 HP. 


COCKERILL- OUGREE 
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The LISTER BLACKSTONE locomotive ‘Explorer’ type 
fitted with 1200 h.p. Rail Traction Diesel Engine 


Type tested to B.S. 2953 at traction ratings f 
of 1200 b.h.p. and 1100 b.h.p. It is fitted with | 


AE|I electric transmission. 


For details of this and other locomotives please 
write to : 


LISTER BLACKSTONE RAIL TRACTION LTD 


Imperial House, Kingsway, London W.C. 2. 
Phone : TEMple Bar 5843. Cables: Tracral London. Telex : 43-230 
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F gangs increased ten-fold 


he MATISA method of tamping i. e. 
‘bration and compression, gives with 
re Light Tamper a “top” just as good 
s that obtained with the heavy duty 
amper, which has established throu- 
Ihout the world the reputation of 


om” 


MATISA EQUIPMENT LIMITED 


HANWORTH LANE CHERTSEY - SURREY 


TRACK MAINTENANCE SPECIALISTS ALL OVER THE WORLD 


LICENSEES FROM MATERIEL INDUSTRIEL S. A. LAUSANNE - SWITZERLAND 


TELOC Speed Indicators and are appreciated throughout the world 


as they provide valuable information to 


Recorders the traffic Manager for the reorganisa- 
tion and speeding up of railway ser- 


vices. TELOC instruments have, in 

, fact, recently been installed on the 
Hasier--Berne Trans Europe Express Trains operating 
between Switzerland and Holland. 


PATENTED ASPIRATING 
ROOF VENTILATOR FOR 
RAILWAY COACHES 


secececccecs CENTRIFUGAL AND AXIAL FANS  __ ceccccscsese 


sins ATR FILTERS WITH ADHESIVE FILM’ Siti: 
INDUSTRIAL VENTILATION 


ATELIERS SCHEPENS 


TERMONDE (BELGIUM) :::: TELEPHONE (052) 210.89 
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POWER FOR 
LUXURY TRAVEL 


High speeds over long distances by the new all-Pullman diesel-electric trains for 
British Railways will demand the utmost reliability in the power plant. A new 
G.E.C. traction works at Dudley Port is busy now with the precision-built 
electrical machines to drive these five luxury expresses at speeds up to 90 m.p.h. 
In each train two thousand horse-power diesel engines will be at the driver’s 
fingertips, controlled through switchgear and circuits developed by G.E.C. 


specialists in traction. 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND - TRACTION DIVISION . BIRMINGHAM 6 
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When machinery was simple, lubrication was simple 


DanisH Stare Rarways, which operate fast diesel 
too. Denmark’s historic mill at Dybbél in South 


trains throughout Denmark are among those who 
have found this answer. They solve their special 
lubrication problems by delegating them to the 
BP Rattway LupricaTion SERVICE. 


Jutland ground the country’s corn for generations, 
its vast transmission protected by the most primitive 
of greases. In those days no problem faced the 


operator comparable to those we meet today: but BP protects all Danish Railways’ General Motors 
Even waen faced with the complexity of today’s diesel locomotives with world-tested products that 
lubrication requirements he has an answer to them have proved their superiority in railways service. 
all, wherever he may be. BP Energol IC-D40 used in these engines is listed 
by General Motors EMD in their “ Considerable 
Usage” category. It is exclusively used in the 
GM-Nohab locomotives. 


Railway Lubrication Service 
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ENLARGED MEETING OF THE PERMANENT COMMISSION 
(BRUSSELS, 1960). 


QUESTION 3. 


Transport on railway wagons of road-lorries and trailers loaded 
with goods. 


Questions arising from this mode of transport : 


— The role of the road-hauliers; 

— Tariffs to be applied; 

— Characteristics of the railway rolling stock to be employed; 

— Installations for loading and unloading; 

— Use of single wagons, or of sets of wagons, or of complete 
trains for this kind of transport. 


Results already obtained and possibilities of extending this mode 
of transport. 


REPORT 


(America (North and South), Australia, Burma, Ceylon, Egypt, Federal Republic of 

Germany, Ghana, India, Indonesia, Trak, Iran, Republic of Ireland, Japan, Malaya, 

Netherlands, New Zealand, Norway, Pakistan, Philippines, South Africa, Sudan, Sweden, 

United Kingdom of Great Britain and Northern Ireland and dependent overseas 
territories, Union of Soviet Socialist Republics), 


by Dr. G. SCHRADER, 


Bundesbahnoberrat in der Hauptverwaltung der Deutschen Bundesbahn, Frankfurt (Main), Germany. 


I. Introduction. flat car » traffic is increasing in import- 

ance. This new type of transport provides 

The transport of loaded road-lorries and an_ excellent technical solution HOE “Ware 
trailers on railway wagons, herein referred problem of door-to-door traffic and above 
to as piggy-back or TOFC — « trailer on all enables the coordination and co-exlI- 
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stence of rail and road transport. It will 
bring back traffic to the railways, and will 
relieve the roads. 


One reporter each have been appointed 
for French speaking countries and for 
English speaking countries. Both reporters 
have drafted a uniform questionnaire, 
which was forwarded to all affiliated Rail- 
way Administrations. Excepting a few 
Administrations which have not sent a 
reply, the following Administrations stated 
that they have no information to give on 
the subject matter: 


Ceylon Government Railway; 
Indonesian Republic Railways; 
State Railways of Uruguay; 
U.S.S.R. State Railways; 

Swedish State Railways; 

Iranian State Railways; 

Coras Iompair Eireann; 

Egyptian Railways; 

TIraqui State Railways; 

London Transport Executive; 
Malayan Railway; 

Manila Railroad Company; 

Nigerian Railway; 

New Zealand Government Railways; 
Nyasaland Railways Limited; 

Union des Chemins de fer Privés Suédois; 
Victorian Government Railways. 


The following thirteen Administrations 
or Organisations have sent their comments 
on this question : 


Association of American Railroads; 
British Railways; 

Argentine State Railways; 

Norwegian State Railways; 
Netherlands Railways; 

Deutsche Bundesbahn; 

East African Railways and Harbours; 
Japanese National Railways; 

Rhodesia Railways; 

South African Railways and Harbours; 
Sudan Railways; 

Tasmanian Government Railways; 
Indian Government Railways. 


The last mentioned Railway Administra- 
tions have studied the problem of trans- 
porting loaded road vehicles on railway 
wagons. However, regular TOFC service 
has been introduced only in the United 
States, Canada, Federal Germany, South 
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Africa, and to a limited extent in Great 
Britain. In Argentine, this system of 
transportation is now on trial. 


II. Technical questions. 


The difficulties experienced in almost 
all countries with regard to the introduc- 
tion of TOFC traffic are due to the limited 
railway moving profile which in turn is 
governing the loading gauge. It should 
be noted, that TOFC traffic has made 
progress and gained importance in coun- 
tries which have a large loading gauge, 
particularly in the United States and Ca- 
nada. The loading gauge or clearance 
governing in most European railways is 
the one established by the Technical Unit 
of Railways (TE), 1954, issue. Appen- 
dices 1 to 5 show the loading gauges for 
Germany, Great Britain, the Netherlands, 
Japan and South Africa. 


Of much importance for the operation 
of ‘TOFC traffic are also the technical 
characteristics of road vehicles,- which in 
all countries are subjected to different 
legal regulations. The Economic Commis- 
sion for Europe (ECE) concluded under 
date of 19 September 1949 the « Conven- 
tion for Road Transport » which in article 
No. 23 provides, that the maximum dimen- 
sions and total weights of the vehicles per- 
mitted to operate on the roads of the con- 
tracting countries shall be established by 
legal regulations of the individual govern- 
ments. Excepted are a few single roads 
to be specified in regional agreements 
between the countries concerned and for 
which the maximum dimensions and total 
weights of Appendix 7 to the Convention 
apply. Thus, the 1949 Convention affords, 
on this point, complete liberty to national 
legislation. An European agreement con- 
cluded in 1950 is only in force amongst 
France, the three Benelux countries, Yu- 
goslavia and Greece. The minimum dimen- 
sions and weights established in these 
countries are not less than those stated 
in Appendix 7 to the « Convention ». 
However, there are countries such as Aus- 
tria, Switzerland, and the Scandinavian 
countries where smaller limits have been 


P= ee 
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fixed. Federal Germany, where permis- 
sive dimensions and weights for lorries 
and trailers have been relatively large has, 
for the purpose of preserving and _ reliev- 
ing the roads, considerably reduced these 
dimensions by a new act dated 29 March 
1956 taking effect for new vehicles as from 
1 January 1958 and for all road vehicles 
(allowing a certain transitory period) as 
from 1 July 1960. 


Table JI shows the dimensions and 
weights applicable for road motor vehicles 
in Federal Germany, the Netherlands, 
Great Britain and the United States of 
America. 


Important for the development of TOFC 
traffic is not only the type and number 
of lorries and trailers operated in the 
different countries but also the number 
of these owned by each of the railways, pro- 
fessional hauliers (transporting on behalf 
of a third party) or by privat undertak- 
ings (transporting on own account). Lor- 
ries and trailers having a pay load of less 
than 3 tons will generally not be con- 
sidered for TOFC traffic. Maximum eco- 
nomy will be obtained in TOFC traffic 
by transporting lorries and trailers with a 
loading capacity of not less than 15 tons 
when moved as complete railway carloads. 


Tractor-trailer units (tractor and semi- 
trailer) are preferred in the USA and 
Canada for TOFC traffic, since the trac- 
tion vehicle may be separated from the 
load carrying trailer, thus affording sav- 


_ings through rational employment of trac- 


tors and personnel (one tractor for several 
trailers). In European countries, the stan- 
dard type lorry-trailer units are still wi- 
dely used for road transports which, due 
to their general design, are less suitable 
for TOFC traffic. However, in Europe 
too, the trend toward the tractor semi-trai- 
ler unit is quite noticeable, and is support- 
ed by almost all governments with a view 
to greater safety on the roads. 


Table No. II shows the total number 
of the different types of lorries and trailers 
licensed in Federal Germany and the 
Netherlands. 
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It should be noted, that the share of 
road transport in the total freight traffic 
is increasing in almost all countries while 
the railways’ share is declining. ‘This de- 
velopment indicates, that it will be neces- 
sary for the railways to furnish their cus- 
tomers, even where no private sidings are 
available, door-to-door service by introduc- 
ing TOFC transportation. 


Table No. III illustrates the evolution 
of goods traffic on rail and road in Federal 
Germany, the Netherlands, and Japan dur- 
ing the years between 1950 and 1957. 


There are various technical feasibilities 
for transporting lorries and trailers loaded 
with goods on railway wagons. 


1) The most simple and ideal method, 
namely, transporting road vehicles of 
standard design on standard railway 
wagons, is in most countries barred by 
loading gauge restrictions. 


Standard type semi-trailers are trans- 
ported on standard type flat cars having 
a length of from 40 to 50 feet (12.2 
to 15.2 m) only in the USA and Ca- 
nada. The railways of these two coun- 
tries also use special flat cars of from 
75 to 88 feet (22.9 to 26.8 m) in length, 
able to carry two and more trailers; 


Rather extensive use is made in TOFC 
traffic of specially designed road ve- 
hicles suitable to be transported on 
standard type railway flat cars. ‘The 
design of these special road vehicles is 
such, that, with running gear attached, 
they will not exceed the railway load- 
ing gauge or they will permit the body 
to be lifted from the running gear and 
placed on the railway flat car for rail 
transport. The running gear is either 
transported with the trailer body or 
left at the terminal station. 

Since 1956 the German Federal Rail- 
way currently use for their TOFC traf- 
fic about 60 special semi-trailers of the 
types « Burger » and « von Lienen » 
each having a loading capacity of be- 
tween 16 tons and 17 tons. Only the 
body with its load is transported by 
rail, while the running gear is left 


nN 
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at the departure terminal. The body 
of the semi-trailer is loaded on the 
railway car with a hydraulic attach- 
ment. Details may be noted from pho- 
tographs 1) to 3) of Table IV. 

There are also on the DB other si- 
milar types of semi-trailers, such as the 
Kégel-Wortman type, which is fitted 
with rollers attached to the body. The 
loaded body is rolled laterally on the 
wagon and the running gear and trac- 
tor remain in the station. Table IV 
and Figures 4 and 5 show details of 
this semi-trailer. 

Special road vehicles of various de- 
signs are also used in the USA and 
Canada for TOFC traffic. 

The « Clejan » system requires trai- 
lers with special devices which are car- 
ried on special railway flat cars hav- 
ing a central sole bar. 

The « Mo-Pac » system makes use of 
detachable trailer bodies which are 
loaded on railway flat cars with gantry 
cranes. 

Special road vehicles are also used 
in Great Britain (see Appendix to 
Table IV) for TOFC traffic, particularly 
for the conveyance of liquids. Owing to 
the small loading gauge of the British 
Railways, progress in TOFC traffic is 
much impeded and the trend is more 
toward container traffic. 


Remarkable is the extensive use made 
by the South African Railways of mo- 
bile container-trailers, where 250 units 
of these trailers with a loading capa- 
city of 5 tons each (see Appendix to 
Table IV) are currently in operation in 
TOFC traffic; 


Another technical possibility is the 
transport of standard type road vehicles 
on special railway cars. Such special 
flat cars have a much lower than normal 
platform and will permit the transport- 
ation of standard road vehicles with- 
out the loading gauge being exceeded. 
The German Federal Railway have two 
of these « low floor » units and an 
additional four, made up of four links 
or articulated units each — the num- 
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ber of the links may be increased at 
random — are on order and are expect- 
ed to be taken into operation some 
day early in 1960. This type of special 
railway cars seems to be especially suit- 
able for the extension of the TOFC 
traffic on railway networks with a very 
restricted loading gauge, because it 
avoids the purchase of and additional 
investments in special road vehicles by 
hauliers. Technical details are given 
on the diagram of Table No. IV; 


4) TOFC traffic may also be operated 
with special type road vehicles carried 
on special railway cars. <A typical 
example for this method of transport 
is the « Flexi-Van » system used in the 
USA. 

This system employs special semi-trai- 
lers with detachable bodies which are 
loaded without their wheel assembly 
on special flat cars fitted with a turn- 
table. It should be emphasized, that 
such a system requires additional invest- 
ments in both the special road vehicle 
and the special rail vehicle; 


Or 
> 


As a last and technical optimal solu- 
tion should be mentioned the combined 
road-rail vehicles. These are railway 
goods wagons and road vehicles, fitted 
with running gears which enable them 
to operate either on rails or on the 
road. 

The German Federal Railway are test- 
ing 6 of these combined rail-road vehicles, 
four of them are of latest design and have 
a loading capacity of 15 tons. The 
« Schottler - Schneider - WMD » designs are 
semi-trailers, which, for the movement on 
rails are placed on special running gears, 
while their road wheels are turned upward 
and locked. ‘The movement of these ve- 
hicles is somewhat restricted, due to the 
fact, that transter from road) to vail Vis 
possible only at points where the gears for 
running on rails are kept available. Com- 
pared with this design the combined rail- 
road vehicle type « Uerdingen » is com- 
pletely unrestricted in its movements be- 
cause its railway bogies have rubber tyres 


— 
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attached for running on the road. Their 
drawback is the additional weight of the 
railway bogies which remain with the ve- 
hicle when running on the road. The 
photographs Nos. 6 to 9 of Table IV illu- 
strate the technical details of these interest- 
ing combined rail-road_ vehicles. 


In the USA, combined rail-road vehicles 
are employed by the « Railvan » system. 
They are semi-trailers, fitted with both 
a railway wheel set and a road wheel set. 
Within the train consist they are running 
with the front end of each body coupled 
to the rear end of the body ahead. Being 
of light weight construction, their total 
weight is 16 tons and they carry a pay 
load of 11 tons. Operation on the road 
to and from the railway terminal is with 
standard type tractors. 


It is understood that the British Rail- 
ways will undertake trials with the « Rail- 
van » system before the end of this year. 
Reproductions of the vehicles used are 
shown on the Figures Nos. 10 to 12. 


The difficulties arising in connection 
with the combined rail-road vehicles con- 
cern dimensions and weights, which under 
pertinent regulations differ considerably 
for road vehicles and railway rolling stock 
respectively, and which have to be coor- 
dinated. An entirely satisfactory solution 
will be hard to find. It should also be 
considered, that rail-road vehicles will pro- 
bably have to be purchased by the rail- 
ways, for it seems not likely, that profes- 
sional road hauliers will procure this spe- 


~ cial type of vehicles. 


III. Organisation. 


TOFC traffic may be handled by the 
railways either with road vehicles belong- 
ing to them, owned by professional road 
hauliers, or by private firms. 

With regard to the technical solution 
and the handling of TOFC traffic, dif- 
ferent systems are employed in the indi- 
vidual countries. In many of them se- 
veral systems are operated simultaneously. 
In Federal Germany, the TOFC traffic is 
now carried out with railway owned road 
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vehicles as an experiment for gaining tech- 
nical and commercial experience. How- 
ever, the primary aim in Germany is for 
cooperation with licensed common road 
hauliers. Therefore, it is the intention of 
the railways to withdraw their own road 
vehicles from TOFC traffic, immediately 
a sufficient number of professional road 
hauliers participate in this mode of trans- 
port. The basic conception is, that the 
railways shall furnish the railway cars 
and the road hauliers shall supply the road 
vehicles. It is not considered to render 
TOFC service to private firms handling 
transports on their own behalf, nor will 
private companies be employed as inter- 
mediaries between the railways and road 
hauliers. 


TOFC traffic in the USA and Canada 
is handled with both railway owned road 
vehicles and road vehicles owned by pro- 
fessional truckers. Also carried in TOFC 
service are road vehicles belonging to 
private firms (traffic on own account). 
Trailers are carried on railway owned and 
privately owned railway flat cars. 


The railway cars used in Great Britain 
for TOFC traffic are the property of the 
British Railways, while the road vehicles 
are furnished either by the British Rail- 
ways of the shippers. 


TOFC traffic in South Africa is handled 
exclusively with railway owned mobile 
container-trailers. 


IV. Operating. 


Since it is the object and purpose of 
the TOFC system to cover the long di- 
stances by rail, it seems logical, that the 
distances over which collection and deli- 
very is made to and from railway terminals 
shall be short. 

In Federal Germany, the distances over 
which shipments are collected and deliver- 
ed over the road are generally less than 
30 km. No maximum distance is fixed 
but, a long distance trucker’s license must 
have been obtained if transports are car- 
ried beyond a radius of 50 km from the 
point where the road vehicle is stationed. 
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In the USA, shipments transported in 
railway owned road vehicles under the 
TOFC system shall be collected and deli- 
vered over distances generally not to ex- 
ceed 30 miles = 48 km. In Great Britain, 
the average distance for delivery and col- 
lection over the road is 5 miles = 8 km 
and shall in no case exceed 25 miles 


On the rail, TOFC traffic is generally 
operated between large junction points or 
traffic centers. In exceptional cases, it may 
also be extended to scattered points. 


In view of the time lost in transferring 
trailers from the road to the railway wa- 
gon and vice versa, TOFC traffic will be 
economical only if rail movement over a 
minimum distance is ensured. The di- 
stances over which trailers are moved by 
rail under the TOFC system range in the 
USA and Canada from 150 miles = 240 km 
to as much as 1000 miles = 1600 km. 
The average rail movement in ‘OFC traf- 
fic amounts to 240 miles = 400 km. 


In Federal Germany, the mean distance 
over which TOFC traffic is moved by rail 
is roughly 400 km. 


The method of railway transport (single 
wagons, groups of wagons, or complete 
trains) depends, in each case, on the 
amount of TOFC traffic offered. In a 
few cases, trailers are transported on single 
wagons, in the majority of the cases, they 
are moved in groups of railway cars. In 
the USA and in Canada, the railways are 
operating between large terminals com- 
plete trains of flat cars loaded with trai- 
lers. This is also the goal aimed at in 
Federal Germany. 


Flat cars loaded with TOFC trailers 
should be included in fast freight trains 
so as to equal or undercut the overall 
transport time taken by road _ hauling. 
Inclusion of such cars in passenger trains 
is not considered. Whether the overall 
transport time will be longer or shorter in 
TOFC traffic than the road haul time will 
depend on the circumstances prevailing. 
In general, it may be said, that over 
distances of less than 300 km the time 
taken for transport by road is shorter. 
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In the USA and Canada including also 
Federal Germany, the drivers of the road 
vehicles are not riding in the train on 
which the trailers are transported. It is 


‘one of the advantages of TOFC traffic, 


that no motive power and staff is re- 
quired during the transport by rail. 


There are various arrangements for road 
hauls connected with TOFC traffic. Where 
the railways use their own road _ vehicles 
in TOFC traffic they, as a rule, also 
handle the road haul. If the road _ ve- 
hicles belong to commercial hauliers or 
private shippers, the terminal hauls are 
usually carried -out by the latter. In 
Federal Germany road hauliers are also 
responsible for loading and tying down 
the road vehicles on the railway flat cars, 
while in the USA and Canada these opera- 
tions are performed by the railways. How- 
ever, loading of the trailers is the respon- 
sibility of the road hauliers or shippers 
also in the USA, when they use their priva- 
tely owned railway flat car and privately 
owned trailer. 


Ordinarily, no extra cost will be incur- 
red at terminals where suitable head or 
side ramps are available. Where additional 
terminal installations are required, they 
are paid for by the railways. In Germany, 
no such additional installations have been 
built. It will depend on the future de- 
velopment of this type of traffic whether 
ramps, having a height of 600 mm above 
top of rail will be required, when more 
low floor flat cars are used. No terminal 
installation whatever will be needed when 
specially designed road vehicles are em- 
ployed, as in case of the Flexivan system 
in the USA and the Kégel-Wortmann sys- 
tem in Germany. 


V. Tariffs. 


The different countries have made va- 
rious arrangements regarding the charges 
for transporting trailers by TOFC service. 

There are standard rates but also special 
charges. It should be differentiated be- 
tween the transport charges which the - 
customer, or shipper, has to pay to the 


= 
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railways or to the commercial road haulier 
and the fee which the road haulier has 
to pay to the railways for transporting his 
trailers. In Federal Germany the customer 
or the shipper pays for a transport by 
TOFC service, freight charges at the rates 
applicable for pure transport by road (road 
haul tariffs). 
ed, because TOFC traffic is considered as 
road transport moving by rail. ‘Thus, 
TOFC transport provides for the shipper 
of a consignment, so far as freight charges 
are concerned neither advantages nor dis- 
advantages. Where the TOFC transport 
is carried out by professional road hau- 
liers the charges for transporting the road 
vehicle is paid by the consignor direct to 
the road haulier. The road hauliers in 
turn pay to the German Federal Railway 
transportation charges at a special rate 
agreed upon between them and the rail- 
ways. The only advantage granted by the 
railways to road hauliers concerns ship- 
ments of high valued goods, for which the 
road hauliers pay the railways for the rail 
movement charges which are lower than 
the total freight paid by consignors to 
road hauliers. The railways are charging 
no supplements to the normal freight for 
furnishing special railway cars which may 
be considered an additional favour extend- 
ed to road hauliers. 

When the railways carry out TOFC 
transports with their own road vehicles 
they compute the freight charges at the 
rates applied for road hauls, and take 
into consideration the type of commodi- 


~ ties, the weight and the distance moved. 


For TOFC transportation of road vehicles 
belonging to commercial hauliers the spe- 
cial agreement provides, that for each rail- 
way flat car of a certain length shall be 
paid a transportation charge staggered by 
distances but irrespective of the tare weight 
of the road vehicle and the type or amount 
of goods loaded. The road haulier is not 
required to state what type of goods are 
shipped. The transportation charges 
agreed upon between the railways and 
commercial road hauliers are such, that 
they will cover the out of pocket cost of 
the railways and are lower than the own 


This rule has been establish- _ 
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cost incurred by the road haulier for trans- 
port purely by road. In order to arrive 
at a just rate, careful cost studies and com- 
parisons between cost for TOFC traffic 
and road hauling have been made. Special 
conditions and reduced charges are applied 
for the return transport of empty road 
vehicles. No arrangements have been 
made regarding the fare to be paid by 
the drivers of the road vehicles, since the 
road vehicles are transported by ‘TOFC 
service without the drivers. The agree- 
ments entered into between the railways 
and road hauliers further provide, that 
no goods shall be transported by TOFC 
which in the past have been carried by 
rail. In addition, road hauliers are re- 
quired to deposite with the railways their 
license for pure road hauling. No tariffs 
exist for international TOFC transports, 
but a special agreement regarding TOFC 
traffic is in force between Germany and 
France. 


The rates or special charges applied in 
the USA vary with the different systems 
used in that country. The various forms 
of TOFC service are: 


Plan I. — Rail transportation of trailers 
owned by motor common carriers. 
Truckers solicit and bill freight at truck 
rates. The truckers pay the railway 
— either a « division » or a flat charge 
per trailer. 


Plan II. — Trailers belonging to the rail- 
ways are moved by rail. The railways 
deal directly with the shipper, soliciting 
business at railway truck-competitive 
tariffs. 


Plan III. — The shipper provides its own 
trailer, owning or leasing as he wishes. 
The shippers deliver loaded trailers to 
the railway loading point. The rail- 
way puts them aboard flat cars, ties them 
down, moves them to destination and 
grounds them. The shipper handles 
delivery. Rates are based on commodity 
and quantity moved or on a flat basis. 


Plan IV. — Rail movement of trailers on 
railway flat cars both privately owned 
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by the shipper. The shipper takes the 
trailers to the railway loading points, 
loads and unloads them on or off rail- 
way cars. The railway performs origin 
to destination movement only. Rates 
are based on flat charge per car, whether 
trailers are loaded or empty. 


Plan V. — Joint rail-truck rates. In effect, 
such rates extend the territory of each 
carrier into that served by the other, 
permitting each to handle shipments 
originating in or destined to the other’s 
territory. Each may sell for the other. 


The South African Railways charge for 
goods conveyed in container-trailers loaded 
on railway flat cars the normal freight for 
such goods plus a percentage supplement 
and double cartage fees. In computing 
the charges for the rail movement the tare 
weight of the container-trailer used is dis- 
regarded. Compilation of Table V to 
show, as originally intended, the various 
operations to be considered in establish- 
ing a tariff has not been possible, since 
the data supplied by the railways con- 
cerned are not sufficient. 


VI. Conclusions. 


Table V shows the results of TOFC ser- 
vices in the USA, Canada, and Federal 
Germany. For Federal Germany, a dif- 
ferentiation has been made between the 
employment of road vehicles owned by 
the railways and the common hauliers res- 
pectively and the combined rail-road_ ve- 
hicles. 


From this table it will be noted, that 
the USA and Canada range far in front. 
Currently, there are more than 50 Amer- 
ican Railways operating TOFC traffic, 
who have entered into formal agreement. 
They operate about 84 % of the total 
mileage of the USA class I railways who 
are members of the Association of Amer- 
ican Railroads. In Canada, the railways, 
having a similar service and membership 
in the Association of American Railroads, 
are operating approximately 80 % of the 
total Canadian Railway network. For the 
first 6 months of 1959 compared to the 
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like period in 1958, there has been a 
62 % increase in TOFC loadings. Using 
the number of trailers moved by rail as 


_a basis for comparison, the increase in 


TOFC traffic is still greater, since a cur- 
rently increasing number of railway flat 
cars carrying two and three trailers are 
employed. It is expected, that TOFC 
operation will become more and more 
standardized. The US Railways are con- 
sidering the very basic problem whether 
to handle TOFC traffic entirely with their 
own organization or to use the service 
of independent groups such as Rail Trailer 
Inc. Piggy-Back -Inc., etc. Fundamentally 
the idea on which TOFC traffic is based 
is considered economically sound. 


With regard to Federal Germany, it may 
be stated, that the conditions for a fast 
and wide extension of the TOFC service 
are less favourable than in the USA and 
Canada since the transport distances are 
essentially shorter and because semi-trailers, 
specially suitable for TOFC traffic, are 
not now available in a sufficient number. 
The same will apply to most of the other 
European countries. It should be em- 
phasized, however, that the conditions for 
widely extending TOFC traffic will im- 
prove considerably when, within the realm 
of the European Economic Community, 
greater traffic territories will have to be 
served. ‘The governments look favourable 
on an extension of TOFC traffic, since 
it is apt to relieve the roads, and com- 
mercial hauliers also show a_ growing 
interest. Thus, the railways feel encourag- 
ed to make additional investments in rol- 
ling stock. 


With regard to the future development 
of TOFC traffic, the Association of Amer- 
ican Railroads commented : 


— TOFC promises to provide a new type 
of transportation, that should benefit 
both the railways and their customers. 
It provides the possibility for organiz- 
ing a coordinated transportation  sys- 
tem which combines railway dependi- 
bility and economical movement by 
train with the flexibility of road trans- 
port. 
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APPENDIX 1 
Federal German Republic. 


Loading gauge. 
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APPENDIX 2 


British Railways - The Railway Executive. 
Loading gauge. 
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APPENDIX 3 
Japan. 
Leading gauge. 
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y (1) Construction gauge. 
(2) First gauge. 
(3) Second gauge. 
(4) Third gauge. 
(5) Fourth gauge. 
(6) Fifth gauge. 
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APPENDIX 4 
Netherlands. 


Loading gauge. 
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APPENDIX 5 


South African Railways. 


Loading gauge. 
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TABLE I. 


Technical characteristics of road transport vehicles 
stipulated by legal and miscellaneous regulations. 


Federal Germany Netherlands 


effective for 


Country new vehicles in force present 
on I Jan, 58 until status 
for all vehicles on| 30 June 1960 
I July 1960 


Total width. 2.50 m 


TO(QINeight ane 2 tye ae se nde 4.00 m 4.00 m 3.80 m 


Total length : 


i LWORQMIEMIOTTICS” Ha hoeen oe eo be te 10 m 10 m 10 m 
=~ threevaxle lorrigsa st)  e4e. Go 10 m 12m 11 m 
— tractor with semi-trailer ..... . 13 m 14m 14m 
— semi-trailer .. . Me ees oy. Be = _ 10 m 
— lorry with one trailer Fe aca Wate RS 14 m 20 m 18 m 
— lorry with two trailers ..... .. not permitted _— 


Permissive axle load : 


— for one single axle. . . 8 tons 10 tons 8 tons 
— for one double axle (per ‘axle as the 12 tons 16 tons _— 
function of the distance between two 
axles ) : 


Permissive weight per vehicle : 


=a SWOPGXIC OTK, nie See ee eee 12 tons 16 tons — 
— three axle lorry . . . fee eS 18 tons 24 tons _ 
— tractor with semi-trailer 3 5d eT ere 24 tons 35 tons _— 
——| Sermi-trailer ¥. 2. Wie ee — == —— 
— lorry with one single trailer . ete 24 tons 40 tons — 
— lorry with two trailers ....... not permitted — 
Size of the mud guards (if stipulated) . — — 0.20 m 


Type of mee between tractor and semi- 
‘jiCis? See 2 6 ae a eer ae ee different systems 


werup 


be 
SGN Semi] 


ee ee 


Length- feet 2 


Number of towed units 3 


TABLE I (continued). 
UNITED STATES OF AMERICA 


STATE LEGAL MAXIMUM LIMITS OF MOTOR VEHICLE SIZES AND WEIGHTS COMPARED WITH AASHO STANDARDS 


Axle load, pounds 


Prepared by the Bureau of Public Roads, July 1, 1956. 


Gross weight limit 


Specified maximum gross weight, pounds 4 


Practical maximum gross weight, pounds 5 


———— eee eee 


Width | Height cate Single Tandem Applicable to : Truck Truck-tractor semitrailer Truck Truck-tractor semitrailer 
ine State in ee i 
inches! | ft.-in. Pruck ‘Olen Semi- : Line 
tractor combi- | ett Full trailer Including Including Type Formula beescel pie 
ad semi- satin trailer | trailer | and full Statutory | Statutory | 5 _ | statutory of restriction or equation Any Total Spike pea oe 
Wee Bus trailer trailer i ULOrY | enforce- fatUutory | enforce- group wheel 2-axle 3-axle 3-axle 4-axle 5-axle 2-axle 3-axle 3-axle 4-axle 5-axle 
imit Wen limit rent of axles | base only 
tolerance tolerance 
1 | Alabama 96 6 12-6 35 40 
S| edyironene 96 136 50 NP 1 NP NP 18 000 19 800 35 000 39 600 Table } x 27 800 47 600 47 600 60 010 64 650 NP 1 
S| avkoneeee 96 +2 0 40 65 65 | l 2 18 000 32 000 Table Under 18’ | Over 18’ 26 000 40 000 44 000 58 000 72 000 76 800 2 
| California Ge -6 35 E 40 50 50 I | NP 18 000 7 18 500 32 000 32 500 Spec. maximum § 26 500 40 500 45 000 59 000 65 000 65 000 3 
J : 3-6 35 35 10 60 60 NR NR NR 18 000 32 000 Table Under 18’ | Over 18’ 26 000 40 000 44 000 58 000 72 000 76 000 4 
5S | Color a or a = — ee ie) 7 7 — 7 er fee z ae, x 
6 panies maar i SS 40 60 60 1 2 2 18 000 36 000 Formula-spec. limits 800 (L + 40) XxX 30 000 46 000 26 000 44 000 44 000 62 000 76 000 76 000 5 
B | Debawere : BE Z 12-6 45 45 45 NP I NP NP 22 400 22 843 36 000 36 720 Spec. lim.-tire cap. 32 000 50 000 50 000 60 000 60 000 NP 30 848 44 720 51 000 61 200 61 200 NP 6 
oe ei si 12-6 35 42 50 60 1 | 2 20 000 36 000 Table-spec. limits 53 » 4 30 000 40 000 48 000 60 000 60 000 60 000 28 000 40 000 48 000 56 350 60 000 60 000 | 
8 | District of Columbia . 96 12-6 35 35 50 50 I l NP 22 000 38 000 Table Xx 30 000 46 000 52 000 58 450 61 490 64 650 8 
4 ee . he 6 12-6 35 E 40 50 50 I 1 NP 20 000 22 000 40 000 44 000 Table Xx 30 000 52 000 52 000 65 200 ee Wi ee Tt 14S 9 
Tae: tisk 6 13-6 + 39/134 45] 48 48 i I NP 18000 | 20340 36000 | 40680 | Spec. maximum !4 63 280 28 340 | 48 680 48 680 63 280 63 280 63 280 | 10 
> | idaho. | ae ri peeel ie a 2, - : 3 eat) 30-800 Formula *° 800 (L + 40) | Under 18’| Over 18’ 32000 | 38800 | 56000 | 62800 | 69600 | 78000 | 11 
: 2 60 65 1 1 2 17 18 000 17 32 000 Table 17 x 26 000 40 000 44 000 58 000 72 000 76 800 12 
a ape 96 13-6 42 42 50 50 I | 2 18 18 000 32 000 Spec. lim.-tire cap. 36 000 41 000 45 000 59 000 68 000 72 000 26 000 40 000 44 000 58 000 68 000 72000 | 13 
Eitri 26 13-6 36 40 50 50 ! I 2 |!8 18.000 |1919 000 |19 32.000 |1933 000 | Spec. lim.-tire cap.!9 72000 | 27000 | 41000 | 45000 | 59000 | 73000 | 73000 | 14 
? sae 96 6 12-6 35 16 40 20 45 NP NP NP 18 000 18 540 32 000 32 960 Table x 26 540 40 960 45 080 59 500 68 657 NP 15 
ansas . 96 12-6 35 16 40 50 50 i I NP 18 000 32 000 Table xX 26 000 40 000 44 000 55 470 63 890 63 890 16 
17 Kentucky : 96 21 12-6 22 35 22 35 56 48 NP I NP NP 18 000 {57 18 900 32 000 |57 33 600 Spec. lim.-tire cap.>8 36 000 50 000 54 000 59 640 59 640 NP 26 900 41 600 45 800 59 640 59 640 NP 17 
3 ee : 96 na 12-6 iF 35 a 40 50 : 60 1 1 NP 18 000 32 000 Axle lim.-tire cap. 26 000 40 000 44 000 58 000 72 000 76 000 18 
ape iis oe Ome coe 2 Ome (245 208) 24-45 2A AS I I NP 22 000 32 000 Table-tire cap.25 X 32 000 50 000 50 000 50 000 50 000 50 000 30 000 40 000 50 000 50 000 50 000 50000 | 19 
20 | Maryland . 96 6 12-6 55 55 55 35 NR NR NR 22 400 26 40 000 Formula 850 (L + 40) » 65 000 65 000 30 400 48 000 52 800 65 000 65 000 65 000 20 
B1 | Massachusetts . 96 NR 35 | 16.40 45 NP I NP | NP | 22400 36 000 Table-spec. limits 1.000 (L + 25) x |2746000 |2760000 |2760000 |27 60000 |27 60 000 NP 30400 | 44000 | 52800 | 60000 | 60000 NP | 21 
22 | Michigan . 96 6 12-6 35 40 55 55 I I 2‘ |28 18 000 29 32 000 Axle lim.-tire cap. 26 000 3940 000 44 000 |3058 000 |3966000 |30102 000 | 22 
23 | Minnesota. 96 6 12-6 40 40 45 45 I Il NP 18 000 28 000 Table x 26 000 36 000 44 000 54 000 65 500 65 500 23 
24 | Mississippi 96 | 612-6 35 40 | 5945 45 I ! NP 18 000 28 650 |3032000 | Table-tire cap. X 26 000 36650 | 44000 |3954 650 |3055980 |3055980 | 24 
: == = ee Pa = ad Se ——_ = — >. 
25 | Missouri 96 12-6 35 40 45 45 1 | 2 18 000 32 000 Table Xx 26 000 40 000 44 000 55 470 60 010 60 010 25 
26 Montana 15 96 13-6 35 40 60 60 I l 312 18 000 32 000 Table Under 18’ | Over 18’ 26 000 40 000 44 000 58 000 72 000 76 000 26 
27 Nebraska ; 96 12-6 Sy) 16 40 50 50 | l NP 18 000 18 900 32 000 33 600 Table Under 22’ | Over 22’ 26 780 41 200 45 320 57 134 66 590 66 590 27 
28 | Nevada . 96 NR NR NR NR NR NR NR NR 18 000 18 900 32 000 33 600 Table Under 18’ | Over 18’ 26 900 41 600 45 800 60 000 74 000 76 800 28 
New. Bonnie 96 36 | 3s) | a649 45 45 NR | NR | NR | 22400 36 000 Table-spec. limits x 33 400 |3247500 | 52800 | 66 400 30400 | 44000 | 52800 | 66400 | 66400 | 66400 | 29 
30 | New Jersey . 96 13-6 35 33 35 45 34 50 I i NP 22 400 23 520 32 000 33 600 Spec. limits 30 000 40 000 60 000 60 000 60 000 60 000 31 500 41 600 55 040 63 000 63 000 63 000 30 
31 | New Mexico 35 96 13-6 40 40 65 65 l 1 2 21 600 34 320 Table Under 18’ | Over 18’ 29 600 42 320 $1 200 63 920 76 640 66 400 31 
New York 96 13-0 35 36 35 50 50 | | NP 22 400 36 000 Formula 34 000 + 850 L x 30 400 44 000 52 800 65 000 65 000 65 800 32 
North Carolina 96 6 12-6 35 16 40 48 48 I 1 NP 18 000 19 000 36 000 38 000 | Spec. limits 31 500 46 200 46 200 58 800 58 800 58 800 27 000 46 000 46 000 58 800 58 800 58 800 | 33 
34 | North Dakota . 96 12-6 1235 16 40 50 50 I 1 NP 18 000 30 000 Formula 650 & 750 (L+40)} Under 18’ | Over 18’ 26 000 38 000 44 000 56 000 63 750 63 750 34 
m5 | Ohio. . 96 6 12-6 25) 16 40 50 60 1 NR NR 19 000 37 31 500 Formula 800 (L + 47.5) Xx 27 000 39 500 46 000 58 500 71 000 78 000 | 35 
36 | Oklahoma . 96 13-6 3) 45 50 50 I 1 NP 18 000 32 000 Table xX 26 000 40 000 44 000 55 470 60 000 60 000 36 
37 Oregon . 96 38 12-6 35 30 40 30 55 30 60 1 I 302 39 18 000 39 32 000 Table 40 Under 18’ | Over 18’ 72 000 76 000, 26 000 40 000 44000 | 58000 _ 72 000 76000 | 37) 
38 | Pennsylvania. 96 6 12-6 35 16 40 50 50 i 1 NP 22 400 23 072 36 000 37 080 Spec. limits 4! 33 000 47 000 50 000 60 000 60 000 62 000 31 072 45 080 51 500 61 800 61 800 
39 | Puerto Rico 4. mee Z : 
40 | Rhode Island 102 12-6 40 40 50 50 i 1 NP 22 400 NS Spec. limits 4236000 |4344000 |4450000 {45 60 000 60 000 86 000 30 400 44 000 50 000 60 000 60 000 
41 | South Carolina 96 12-6 1235 16 40 50 50 1 | NP 20 000 32 000 Table x 28 000 40 000 48 000 60 000 66 839 
42 | South Dakota . 96 13-0 35 16 40 50 50 i I NP 18 000 32 000 Table X 26 000 40 000 44 000 55 470 61 490 
43 | Tennessee 96 12-6 35 40 45 45 l I NP 18 000 32 000 Table x 26 000 40 000 44 000 55 960 55 960 
44 | Texas ; 96 13-6 35 40 50 SO I 1 NP 18 000 18 900 32 000 33 600 Table x 26 900 41 600 45 800 57 844 61 340 
45 | Utah 96 14-0 45 45 60 60 NR NR NR 18 000 33 000 Table XxX 26 000 41 000 44 000 59 000 74 000 
; - 50 50 50 50 i 1 NP NS NS Spec. lim.-tire cap. 30 000 40 000 50000 |4660000 |4660000 /|46 60 000 30 000 40 000 50 000 60 000 60 000 
46 | Ve t 96 12-6 
EE inl 9 | 612-6 35 | 3040 50 50 I I NP |18 18 000 60 32 000 Table x 30 56 800 |3056800 | 26000 | 40000 | 44000 | 56800 | 56800 
48 Wehingion 96 6 12-6 35 16 40 60 60 i | Gil 72 18 000 |48 18 500 32 000 = |48 33 000 Table-spec. lim. 49 Under 18’ | Over 18’ 28 000 36 000 46 000 60 000 68 000 72 000 26 000 36 000 44 000 60 000 68 000 
SPaioe in 6 6 12-6 35 16 40 45 45 I I NP 18 000 18 900 32 000 33 600 | Table 4 26 900 41 600 45 800 57 844 63 840 
a Aida ities 96 [size | 35 40 50 50 I NP | 18000 |5019500 | 30000 | 32000 | Table-formula 5! 1 000 (L + 26) Xx 27500 | 40000 | 47000 | 39500 | 68000 
Biliyyoning. 96 | 13-6 | 40 40 60 60 I 2 18. 000 32.000 |52 36000 | Table x 26000 | 44000 | 44000 | 62000 | 73.000 
AASHO Policy 96 12-6 85 16 40 50 60 1 1 NP 18 000 32 000 Table 1025 (L+24)-3L2 x 26 000 40 000 44 000 55 470 61 490 
2 15 i 28 14 5 5 i 20 30 29 Formula. .. 6 18 19 29 25 29 43 34 
UN a 45 38 30 20 16 Tablets oe 113k 21 19 21 4 2 
Stat Same 46 30 35 18 22 10 r 
Number of States ees e 0 0 if 14 35 0 5 0 0 5 Specified limits 13 0 6 0 3 14 
NP = not permitted: NR = not restricted, aoe eae a eee ee Se pases 12 partes: oe Beas of surfaced width at least 20 feet or otherwise as administratively authorized. pense sips Badge ree cradec. special ponuit on” dchignsted Bigiiwass ap aa 0a ieaieienenm 
Various exceptions for sam and Cae ce eee for Lean accessories, and on designated highways. 17 Special limits for vehicles hauling timber and timber products, ores, concentrates, aggregates, and agricultural products including 39 Logging vehicles permitted 3-foot wheelbase tolerance, 19 000-pound single axle, 34 000-pound tandem axle. 
agricultural and forest et Beene les mod ioads 4 livestock : single axle 18 900 pounds, tandem axle 37 800 pounds; gross weight table : vehicle with 3 or 4 axles permitted 56 000 pounds 40 Governs gross weight permitted on highways designated by resolution of State highway commission. 
When 1 Be apeiied Seapine possible in practical combinations within permitted length limits. % aie Te rene pata eee ee axles permitted 79 000 pounds maximum at 43-foot axle spacing. a sae unit pars ete a paar pr ow fang ace ds: 42, feet! ov ‘asre Groen -WelgUt governed! ene 
en ni , ¢ Pe : : e ; B 42 A: : t eet pounds; eet or a 
pewelly sponte’ ee ears goak converses on a uniform basis between States with different types of regulations 1 On sonmaaied highways, ange me 22 gee po ee axle 36 baie pounds; tolerance of 1.000 pounds on total of all excesses of 43 Single vehicle ee ae axles since teat ese 16 feet 40 000 pounds; less than 20 feet 44 000 pounds; 20 feet or more governed 
Ging ccealrager load of 8 000 pounds. Abeta 20 sete eaasnore eth ibaa: parultiedl ra aaiall length of 47 feet vader aoneal permit 44 = me a il ith 3 axles spaced less than 22 feet 46000 pounds; not less than 27 feet 50000 pounds. 
B. Maximum Ce py miect SEES Ne sy cau adee scat bactls 21 On designated highways; 11 feet 6 inches on other highways. : x Motes aca OT pase suse Pi ; 
1) Mini ront overhang 0 ove ae istri i ssibl 22 On designated high ; trucks 26,5 feet and b 30 feet ther high : i i i 3 
(2) In the case of 4-axle truck-tractor semitrailer, rear overhang commuted 9s, nerevary 20 Cle ctor and to the ‘tandem PGtemiagieiit tet mre ee a User ines highieay cnn era a 
uniform load on the maximum permitted length of ceaered er e, Si Including load\46 feat Glinches! a8 Within. disczelinn) Gh calcreemen Oe : 
axles of the semitrailer, within the eee sible combined front and, rear overhang assumed to 25 Trucks hauling forest products, brakes on 3 axles at 18-foot minimum spacing 48 000 pounds; trucks hauling construction materials, 49 Vehicles hauling logs permitted wheelbase and gross weight tolerances. Discretionary enforcement tolerances not included in com- 
In the case of a combination having 5 or more axles, minimum pos itrai j : 1 of loading on axle brakes on 3 axles at 16-foot minimum spacing 48 000 pounds. : A ire: F : 
(3) be 5 feet, with maximum practical load on maximum permitted length of semitrailer, subject to contro ig Ge Spaced Jesé than 48 inches 36000 pounds putation of practcial maximum — Sree ‘ E Pete eae 
eet, : . 50 7 t ucts. 
groups and on total wheelbase as applicable. | AE Supiecitotaxiotanditapular limits: a Beg earennie on 2-axle trucks hauling unmanufactured forest p 
C. Including statutory enforcement tolerances as applicable: 28 Single axle spaced less than 9 feet from nearest axle limited to 13 000 pounds. 52 Based on ruling of Attorney General. 
Auto transports, 13 feet 6 inches. i : 29 On designated highways only and limited to one tandem axle in combination; otherwise 26 000 pounds. 53 Legal limit 60 000 pounds 
Does not apply to combinations of adjacent load-carrying single are. 30 On designated highways only. 34 Withheld pending approval of new statutes. 
56000 pounds on load-carrying axles, exclusive of deste fae 2 a from P.U.C., 40 feet. 31 Semitrailer and semitrailer converted to full trailer by means of a dolly. ss 700 (L + 40), under 18’-800 (L+40) 18 feet and over 900 (L+40) on highways having no structure with span of 20 feet or over. 
tan ones 40-foo ae Se Berm oeisieedlac WD. seston vrutiedl maximum length in combination. a ames ares: ea tre 40 000 pounds. $6 Class AA highways; 45 feet on other highways. 
imi -foot ma: LUC. 7 i 
Rea i inches. 34 Exception for poles, pilings, structural units, etc., permitted 70 feet. a Ay sien ot pee Class A highways 42000 pounds; on Class B highways 30000 pounds. 
Three-axle vehicles, 40 feet. 4s 35 On designated highways, 102 inches. 59 Auto transports permitted 50 feet. ; r F 
ey lar Salisoaes a Be ae ‘ander Rural Roads Authority : 56000 pounds maximum. Sema cuss olleys ane 13-axle ib uses 40 feet: 60 Vehicles registered before July 1, 1956 permitted limits in effect January 1, 1956 for life of vehicle. 
N. B. This table has been reproduced and inserted by the Association of American Railroads with permission of the publisher. 


a 
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TABLE I (continued). 
Great Britain. 


Restrictions on the dimensions of road vehicles are imposed by the « Motor Vehicles 
(Construction and Use) Regulations », which have the force of law. 


Maximum overall length. 


Articulated vehicles De Perm Cie peers Me ts yo pas og! 35 feet 
iicuerrciant. vehicles) salam ea in i) Giese os) es ss) Jeet 
Trailers : Se Sa oan : : AD UP ee ania ; » 2 22, feet 


Maximum overall width. 


Locomotives 9 feet 

Motor tractors 7 feet 6 inches 

Heavy motor cars 7 feet 6 inches 

Trailers 9 feet 6 inches 
Maximum overall height. 

There is no statutory restriction, but loads must be limited in height 

according to railway bridges, etc., under which they might have 
to pass. 

Maximum loading weight. 

Locomotives : 

— over 6 wheels . ; : ‘ ; : 4 , ‘ : , : : . 30 tons 

—»@ wheels... P : . . ‘ F . ; : ; ; ‘ : 26 tons 

— under 6 wheels : : : . 2 é ‘ ; ; ; : : ; 22 tons 

Heavy motor cars: 

— over 6 wheels . ; , / ‘ ; . : ; : : ; , ; 24 tons 

= Wheels  - E : : : ‘ ; : : - ; ; F : j 20 tons 

— under 6 wheels ; : ; 2 : ; - : . ; , : F 14 tons 

Trailers drawn by locomotives. . - + + © © * + «+ 40 tons 

Other trailers, not articulated : 

— under 6 wheels : Z ; : : : 2 ; 5 ; ; ; ; 14 tons 

Articulated vehicles : 

— trailers with four wheels and over ; : ; ; 2 7 : ; 24 tons 

— trailers with less than four wheels - : ; : ; ; : : 20 tons 
Maximum axle load. 

Locomotives ; 11 tons 

Heavy motor cars . 9 tons 

Trailers 9 tons 


TABLE II. 


Composition of the total stock of lorries. 


a) Federal Germany : Position as on | June 1958. 


Vehicle 
types 


Lorries (pay load in tons) 


Commercial hauliers 
Traffic on own account 


Total on I June 58 
percentage increase (+) 
percentage decrease (—) 
against 1956 


54 528 
92 077 


146 605 
sp SS % 


22 140 


+ 13,1% 


7,5 and 
more 


10 692 
3 710 


14 402 
+ 29% 


Total 
number 


78 139 
105 008 


183 147 


Trailers (Pay load in tons) 


Total on I June 58 
percentage increase 
percentage decrease 
against 1956 


(+ 
oe 


7-8,9 


8 638 
125 


19 763 
—4.7% 


9-11,49 


11 854 
5 832 


17 686 


Se WO, 


Tractors Position as on 1. July 1957. 


Semi-trailers Position as of : 
I June 1958 


b) Netherlands : Position as on 1 August 1957. 


Vehicle types 


Lorries . . Sse re ea 
percentage increase (+) 
percentage decrease (—) 
as against 1956 


3001- 
6000 
Number 


36 340 
4218) Ye 


6001- 
8000 
Number 


5 855 
ae BS. 


Pay load in kilograms 


8001- 
10000 
Number 


10001- 
12000 
Number 


11,5 and 
more 


11 299 
S319 


14 618 
ene 4 


56 858 
74 116 


130 974 


12001 and 
more 
Number 


Total 


Trailers a Es ae 
percentage increase (+) 
percentage decrease (—) 
as against 1956 


2 659 
ite 


1118 


16% 


+13: 


a ANY, 


345 
Si oh 


Semi-trailers ane 
percentage increase (+) 
percentage decrease (—) 
as against 1956 


c) Other countries including Great Britain, the U.S.A. and Canada have not been able to furnish 


sufficient or any data at all. 


383 


Sis 
—1% 


538 
ae L% 


1 472 4 280 


4.24% 
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TABLE III. 


Freight traffic on rail and road 1950 to 1957. 
(Tons hauled and tons-kilometres in millions). 
a) Federal Germany. 


1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 | 1957 


Total number of tons 

transported 

— Railways. . . | 229.347 | 254.933 | 262.371 | 246.799 | 252.288 | 282.830 | 299.324 | 305.335 
ere Cent... 1k | == 87.5 | — 859 |= 83.8 f= 81.5 = 80.5 | ="80.1h1 = 80.0 

— Road transp. . . 32.900 | 41.800] 50.600] 55.900 | 61.125] 70.443] 74.866 
eeteCent eae fea 2S 4A he 16.2 | = 18.5 = 19.541 — 19.9. | = 20.0 


Total . . . | 262.247 | 296.733 | 312.971 | 302.699 | 313.413 | 353.273 | 374.190 


Tons kilometres 

— Railways ... 43 460 50 380 | 50430] 46520] 47640] 52990] 56510 
other cent. . . | == 84.8.) = 83.6 | =" 80:8 | = 77.8 |= 76.6) = 76.0 | =. 76.1 
— Road transp. . . 7 800 9900} 12000] 13300] 14580] 16700] 17700 
——eLerecit sea. 6 | — 15.2 |h=— 16-4 |= 19.2) |) =" 22.2 |= 23.4 v= 24.0 | = 23.9 


EOtQin A, § 51260 | 60280} 62430) 59820} 62220] 69690] 74210 


b) Netherlands. 


1950-1954 


Road Transport : 
— Tons hauled . 2 Pe ee, 
— Tons-kilometres .......... no data 


Percentage share in overall tonnage moved : available 
o/ 


—ral % 
— road % 


Tons-kilometres : 
Si! SS, 
— road % 


c) Japan. 
1950 1951 1954 1955 
Road Transport 


— Tons hauled . 
— Tons-kilometres . 3 400.0 | 3 900.0 | 4500.0 | 5 900.0 | 6 900.0 | 7 500.0 | 8 900.0 }11 100.0 


Percentage share in 
overall tonnage hauled 
— Rail 
— Road 
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GERMAN FEDE}k 
Types of railway carrying cars and technic 


D.B. piggy-back (semi-trailer detachable from its wheel assembly 
Type Hl Type H 2 
(Fig. 1 to 3) 


Types of trailers or containers for semi-trailer with covered body open semi-trailer, rigging 
door-to-door traffic ..... . tarpaulin 


Types of railway cars for tranport- standard type Rm and Rmm standard type Rm and Rmm 
ing containers or trailers by rail . railway cars railway cars | 


Types of vehicle for transporting tractor tractor and two axle bogie 
containers or trailers by road . . (detachable) 


Equipment for transhipping from body fitted with jacks, axle body fitted with jacks, a 
rail to road and vice versa . . . guiding device, hydraulic lift- guiding device, hydraulic 
ing gear ing gear 


Terminal installations required . . side or head ramp 


Is side loading possible?. . . . . yes 


Maximum width of trailers. 


ICS) Of URW ss 5 oe 5 6 a 3 6 m 


ISA UDQHINEE os Sy se nk Se ; 3.3 and 3.5m 
GiSIdctw ea Aes oe : 3.5 and 3.7m 
above roadlevel. . ... (adjustable) 


Number of axles on trailers . . . 2 


Loading surface of container or 
trailers ee ae , D333 


Loading space of containers or 
OG ise Sete, rn, oie 46 


Permissive net pay load of con- 
jainers.or trailers... as 6. ully/ 


Tare weight of containers or trailers : Bye) 


Tare weight of running gear . . . | 2.6 
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ristics of road vehicles transported by rail 


D.B. piggy-back vehicle 
ype « Kégel-Wortmann » 


(Fig. 4 and 5) 


e large size container (open 
vered) 


19/19 


D.B. combined road-rail vehicles 


Type « Uerdingen »> 
(Fig. 6 and 7) 


open semi-trailer with tarpaulin 


Type « Schéttler » 
(Fig. 8 and 9) 


open semi-trailer with tarpaulin 


ard type Rm and Rmm rail- 
ars — latest proposal, B.T. 
pecial design) 


is moved on its own axles 


placed on special bogies 


r and semi-trailer running 
(detachable) 


fitted with rollers attached to 


ody, jacks fitted to under- 
of trailer, cable winch with 
1 pulley, electric and hydrau- 
ar, fork lift truck of special 
1 for lifting and transporting 
mpty container 


tractor, rubber tyred wheels at- 
tached 


tractor 


open track; running up wedges 
alongside of the track, movable 
axle-moving device actuated by 
electric motor 


tilting supports attached to vehicle, 
retractable crankaxles, hydraulic 
lifting gear 


| loading track approach 


paved loading track approach 


levelled loading track approach 
or stabling track 


no 


no 


10.5 m 
2 2 Z 
24.5 m2 20.6 m2 22.3 m2 ; 
47 m3 36.6 m3 36.7 m3 
14.1 tons 15 tons 16 tons 
3.7 tons 8.7 tons 7.2 tons 


5.5 tons 
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GERMAN FEDE; 
Types of railway carrying cars and tech 


D.B. piggy-back (semi-trailer detachable from its wheel assembly 
Type H1 Type H 2 
(Fig. I to 3) 


Tare weight of tractors 6 tons 


Tare weight of traction vehicle- 
trailer units ready for operation 15.1, tons 13.9 tons 
ON -RLOGG ara Pe Shs 


Gross weight of traction vehicle- 
trailer units ready for operation 31.1 tons 
on road (line 17 + 13) 


Net/Gross weight ratio in per cent 
line 13 

when moving by road x 100 
line 18 


Ratio : pay load/dead load when 
line 13 
moving by road : Lippe! 
line 17 
Tare weight of the railway wagons Rms 31 Rmns 33 Rms 31 Rmns 33 
(SEGHUALGITV DES) manent 12.3 tons 10.3 tons 12.3 tons 10.3 tons 


Tare weight of the trailer or con- 
tainer when loaded on railway 9.1 tons 9.1 tons 5.3 tons 5.3 tons 


Tare weight of the trailer or con- 
tainer plus tare weight of the rail- 21.4 tons 19.4 tons 17.6 tons 15.6 tons 
way wagon on which it is loaded 


Gross weight of the trailer or con- 
tainer when moved by rail. . . . 37.4 tons 35.4 tons 34.6 tons 32.6 tons 


Ratio : net/gross weight in per cent 
line 13 


( < 100) when moving by 45.2 p.c. 49 DiGi 2a pies 
line 24 


oh 


Ratio : pay load! dead load 
line 13 

when moving by rail . . 
line 23 
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tinued). 


AY (D.B.) 
ristics of road vehicles transported by rail 


D.B. piggy-back vehicle D.B. combined road-rail vehicles 
ype « Kégel-Wortmann » Type « Uerdingen » Type « Schéttler » 
(Fig. 4 and 5) (Fig. 6 and 7) (Fig. 8 and 9) 
5.7 tons 6.3 tons 6.3 tons 
14.9 tons 15 tons 13.5 tons 
29 tons 30 tons 29.5 tons 
52.8 p.c. 0g D:c: 54.2 p.c. 
0.95 1.0 1.19 
Rimns 56 
12.4 tons 6.2 tons 
3.7 tons 8.7 tons 7.2 tons 
16.1 tons 8.7 tons 13.4 tons 
30.2 tons 23.7 tons 29.4 tons 
4 46.7 p.c. 63.5 p.c. 54.6 p.c. 
‘ 


0.88 172 1.19 
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APPENDIX TO TABLE IV. 


Re. : Question 9. 


Characteristics of railway wagons and road vehicles transported by rail. 


Great Britain. 


« Railvan » (a combined rail-road vehicle of special design). 


USA and Canada. 


1. Characteristics of railway wagons. 


Most of the railways use standard type freight cars converted to suit TOFC traffic. 
These cars have a length of from 40 to 50 feet (12.20 to 15.20 m) each carrying one 
trailer. Some of the railways have procured new special flat cars for TOFC traffic 
of 75, 85, and 88 feet (22.90, 25.90, and 26.80 m) in length on which two and more 
trailers may be transported (s. 8 and 32). 


2. Characteristics of road vehicles. 


Different types and systems are in use. 
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Fig. 1. — DB piggy-back tractor/trailer unit, type “ Burger - v. Lienen ” 
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on the road. 


Fig. 2. — DB piggy-back trailer body, “ Burger -v. Lienen” 
loaded on railway flat car. 
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Fig. 3. — DB piggy-back tractor, type “ Burger-v. Lienen’ 
without trailer body. 


“cc 


Wortmann ” 


Fig. 4. — Piggy-back tractor/trailer unit, type 
on the road. 


> 
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Fig. 5. — Piggy-back trailer body, type “ Wortmann a 
being loaded on flat car. 


Fig. 6. — Combined road-rail vehicle, type “ Uerdingen ” on the road. 
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Fig. 8. — Combined road-rail 


vehicle, type “‘ Schéttler-Schneider-WMD ”. 
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Fig. 9. — Combined road-rail vehicle, type “ Schéttler-Schneider-WMD ” 
on rails. 


JANUARY 1960 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


30/30 


JANUARY 1960 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


Fig. 11. 


31/31 
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TABLE V. 


Federal Germany 


German Federal Railways (DB) 


Statistical records of transports on railway wagons of 
road-lorries and trailers loaded with goods. 


Traffic haudled 

Traffic handled Commercial | by the railway 
by the railway hauliers with own 
with own traffic combined 
organization road-rail 
vehicles 


1959 1959 1959 
Jan. to June Jan. to June Jan. to June 
incl. incl, incl. 


Mean distance per transport on rail 400 km 400 km 


Mean distance of terminal hauls on 
road. Fe ear Pot rege 20-25 km 20-25 km = — 


Goods hauled in tons. .... . 42 542 tons 24 136 tons 5 464 tons 737 tons 
Number of stations provided with 19 19 3 3 
facilities for combined roadjrail two. each two each one each one each ) 
transports (special tractors) . . and more and more 
Number of lorries and trailers be- 


longing to road hauliers transported | 
On FALL Sd et, ee oe ae 2 
; 
) 


U.S.A. AND CANADA 
A.A.R. records on TOFC traffic exist since 1955 and show the following : 


| 1956 : 


Participating railways. . . 38 40 40 50 


Flat cars loaded ..... 168 150 207 783 249 065 276 767 199 946 


Peak load per week .. . 4 313 4791 5 448 6 890 9 140 


(*) 6 months January-June, inclusive. 


{ 625 .14 (01 & 625 .144 1 ] 


Buckling strength of continuous welded rail, 


by M. Numata, 


Railway Track Laboratory, Railway Technical Research Institute, Japanese National Railways. 


I. THEORETICAL FORMULAS 
OF BUCKLED TRACK 


1. Assumption of buckling wave pattern. 


In a continuous welded rail, constituting 
a long rail which is partially subjected to 
an axial force and as a result buckled 
with a wave pattern like figure 1 in the 
horizontal direction, the deformation, 
deflection angle, bending moment and 
shearing force at the boundary between 
the bend and the straight section ought 
to be zero, ie. (vy = 0; y' = 0; y’ = 0; 
y’’ =0). However, for these boundary 
conditions to be fullfilled, some restrictive 


EE 


No. I Wave Pattern : 
<< 
—_ ) == 


i) 


he 


No. Il Wave Pattern : 


force that is effective in the horizontal 
direction, like a concentrated load, is 
necessitated. 


Strictly speaking, therefore, it would be 
erroneous to select from the wave patterns 
in figure 1 the above four items as the 
boundary conditions. As a matter of 
fact, the buckling of track is attended 
with fast-disappearing damping waves 
before and after the main. wave, so the 
influence of the former upon the latter 
may be ignored as far as the energy 
involved with buckling is concerned. 


The four sine curves satisfying these 
conditions will look like figure 2. Express- 
ed in equations, they will be (1)-(4). 


F (1 cos). eee (L) 


l 2X 
0 eae 21g 1; yoy = £5 (1 Fos 
- ee, 2 1 Q) 
Rie sed, BRE og HT ae ‘ 
an Be W722 ] 
No. II] Wave Pattern 
2S Ried ye ae Af feges 
0 ae As a A Le ns Z (1 cos ] 
ato) 
ge A ON aE za a) 
SS SS — — —* — | 4cos 
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No. IV Wave Pattern : 
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5 
(ages et tg Sih BV Aleey 45 an + 74 (1 00s =) 
lee) l! 
[Reece 3 ee ea, Sax 
Saye Sees eres 42, 44 = F (1+ 4005 7 —) a - 4) 
DB Ray eae f Sai 
Sade al «sk 43 =f cos —— 


Since the radius of curvature for the 
track is extremely larger than that of 
buckled wave pattern, if the buckled length 
is equal to the arc, ordinate y, of the 
arc will be, 


Listas 
Virsa ed Romie 305) 


So, the equations of wave pattern on 
the curved track may be considered equal 


to yn, that is, yam of each equation, 
(1)-(4) is added with yo. 


Yn =Ynm + Yo A fs te (6) 
2. Equilibrium conditions of buckled wave 
pattern. 


The conditions that must be met for 
the buckled track to return to equilibrium 
in the wave forms described in the 


NO0.1 WAVE PATTERN (Ee 22) 


Fig. 1. — Example of buckled wave pattern in model experiment. 
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preceding section are sought by the 
Energy Method. The symbols used in 
the equations are as follows : 

Pt = axial force in one rail just before 
buckling (buckling strength) (kg); 
axial force of one rail in equili- 
brium after buckling (equilibrium 
axial force) (kg); 
length of buckled and bent track 
(buckling length) (cm); 
deflection of wave caused by 
buckling (buckling deformation) 
(cm); 
modulus of elasticity of rail steel 
(kg/cm?); 
moment of inertia around vertical 
axis of rail (cm‘); 
sectional area of rail (cm?); 
= ballast resistance per unit length 
of rail on one side of track in 
longitudinal direction of sleeper 
(kg/cm); 
ballast resistance per unit in 
transverse direction (kg/cm); 


a 
I 


2 = difference between buckling 
length after bending and arc 
length (cm). 


(1) No. I Wave Pattern : 

Suppose that the track, buckled by 
axial force Pt and bent in No. I Wave 
Pattern of figure 2, comes to equilibrium 
under axial pressure P. Then, the equation 
of wave pattern will be from equations cL): 
(5) and (6). 


M=Jut yo 
A 2 7x (l1—x)x 
te NE wg 
a PY hie 
op 
= eas fe 
“41 + 7) 
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Next, with the equilibrium in the sec- 
tions other than the buckled section 
taken into account, the relation as in- 
dicated in figure 3 will be observed. 


Fig. 2. 


vR eat. P a ee 


1 
T 
ee aa D 


Fig. 3. — Equilibrium in rail of infinite length 
track. 
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The axial force in rail, once raised up 
to Pt, falls down to P within the buckled 
area and comes to equilibrium, but the 


difference of axial force between Pt and P. 


linearly diminishes due to longitudinal 
ballast resistance r over the section of L, 
length outside the buckled area. 


The resulting elongation AL will be, 


oxi lh agie 
ve tet) de 
in ed 
Regardless of wave pattern, when the 
axial force declines from Pr to P, the 
rail in the buckled section elongates, the 
amount of elongation being expressed by : 
(Pt — P)/ 
EA 
Here the elongation ought to be equal 
to the difference A between the buckled 
section of curve and the original curve 
(or straight section), hence : 


» = ATH DAL. 1 wh a8) 


Alejo 
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Substituting the preceding three equa- 

tions into (8): 
EA 

——— aA... . 9 

Eeroks a pay, 0) 

Accordingly, the strain energy con- 

sumed in the buckled area during the 

time the axial force lowers from Pt to P is, 


Ptr+P EA 
eee ee ee eee 

Aa 5) Pi 20+ a} a 

In this state the external energy spent 
by the infinitesimal elongation dd of 
rail is, 

5 Aa 

dA 


EA 
L+L 


dr = {Pt a} da =P - dr 
(10) 
Next, the internal energy Ab due to 
ending stiffness of rail that counteracts 
the buckling is given by, 


ald we am) Commie ie pie 
5 ae) He ee > east: zz) 
From (7): 


Aes a 
i x elie 38 a Recent 


Substituting this into the preceding equation, 


Ab = 


23 


m4 EJ ( [4 AMX DE 
R274 T2 Rr2 


[4 4lh [4 EJl 
<pattt pe 72 as =a) 2 R2 


The energy created by the infinitesimal elongation dd is : 


dAb 4n2EJ 


4 EJ 
dh 


R [4 41h 
NI Raat ay 


The internal energy Ag of ballast resistance g counteracting the buckling is : 


Ag = (i gyi dx = 0.5 gfl 
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Similarly the internal energy produced 
by the elongation da is: 


2 
PAS dy = —__8____.r 
ged s Fe ugee4in 
TN] Rind * ne 


From the Principle of Least Work, the 
energies of the internal and the external 
forces created through micro-displacement 
dx must be equal to each other, that is, 

dAa 3 Ab dAg 


aoe dh = dh + dd (11) 


Consequently, 


Substituting the value of A into the 


No. II Wave Pattern : 


_{p on) a a 
g ( 2 } 0.242512’ 


No. III Wave Pattern : 
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equation above and rearranging it in 
reference to g, 


g=(P— 


AWE wf. P 
iD aes (12) 


The value of g in the above equation 
reaches a maximum with reference to / 
at a certain value of P and f and, above 
this maximum, buckling will no longer 
take place. The value of / giving the 
maximum of g is, 


dg Stes EJ 
ime Popham Nap 
Putting, 


[ae 
e= NEY 
then, 
ol = 24/2n = 8.8857 . . (13) 


That is, as equilibrium condition a 
specific value can be derived that is 
constant regardless of track, straight or 
curve. 


(2) No. I-IV Wave Pattern : 


The same is true with No. H-IV Wave 
Patterns. 


Ric ieee) mf 
g ( 2} 0.168512 


No. IV Wave Pattern : 


_(p 25 n2 EJ of 
g=(P— ip ere 


ae - of =4f2n—=17.7715 (15) 
ol = 54/2 m = 22.2145 (16) 
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TABLE 1. — Constants of theoretical formulas. 


0.2500 1.000 8.8857 Curve, straight 


1.1250 0.2425 | 13.3289 | 7.9367 Straight only 
1.4600 0.1685 | 17.7715 | 11.7867 


3.0750 0.0977 | 22.2145 | 16.3004 


Straight only 


(3) General 
constants : 


presentation of various 


From the above results, 4 and f can 
be expressed by a general formula common 
to all the patterns. 


2 f2 ] 
A=%x ie bas be gs ae bat} 
P. 
p-P(g—e-5) 
ps (18) 
(n+ 1)? n2EJ 
2 {P . 


Where the value of n, x, y, 8 and & are 
listed in Table 1. Substituting (18) for 


f im (19), 
P\2 
8 EJ (g— — — 
A = x21 (n + 1)2- ( el 
Ps Aj a 
(raf) 


+ 7Boel (n + 1)?- 


Putting: x62e/(n + 1)? =p 
and: xel (n+12= 6 


ves (e8) 


A= ps 
a 
Speed (19) 
Pale 
P 
E Ss, (ee 
i i{e a) 


2 
pa) 
R EJ 


3. Before-and-after balancing of buckling 
wave pattern and buckling strength. 


In figure 3, 


oprap 
7 ig 


L 


Hence, AL in the preceding section is : 
Pr—P)L_ (Pt—P)2 
2 EA 2rEA 


And, if a specific value, ef = (n+1)\/2n 
is considered for A/: 


nals 1) 4/2 x (Pt —P) 


es 
BA q/ 2 
aN 


Nee 


(20) 


(21) 
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Then substituting (19), (20) and (21) into (8), 


se) 


7B we 
EJ 


P3 RP2 


EJ 


When arranged as to Pr, 


P 
4 gs os 
ie (: aa _@r—PP | @+ yn (PtP) 


rEA 


a, 
BA a|- ey 


paps, [t+ (( 
P3 VP 


where 


Se (n+ 1) V2nVEJ 


pi 


a= 8pE2JAV ES 


k= 9/2p 


As seen from (22), the buckling strength 
Pt has a minimum limit, than which a 
smaller axial force can cause no buckling. 

The extreme buckling strength Pt of the 
curved track is from (12) and (9). 


4x2EJ 4EJ 
i= = 
Ral /4 41h 
Rent | on? 
gi? ch EA 
+ SEs } 


: P : 
when g = = putting =p andr =|= 0in 


(2), Pi =P. Frome); 1 = 0, so, 


Pt=eR (23) 


4. Buckling length and deformation. 
From Table 1: 


ol =(n + IW2 7 


where n is the number of buckling waves, 


im hie 
OPEN ES 
P is equilibrium axial force. 


Therefore, the buckling length : 


fa GED ON or 


With (24) substituted into (18), the 
buckling deformation : 


(24) 


cel (ae a 
Rae wa tie a . _) 


(25) 


Utilizing (22), (23), (24) and (25), the 
relationship between Pr and / and f for 
No. If Wave Pattern under the consider- 
ation; straight track, 50 kg/m rail, 
ballast resistance g = 1-10 kg/cm, r= 28 
assumed, is obtained and plotted in solid 
curves in figure 4. 
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Fig. 5. — Minimum buckling strength by ballast resistance and radius of curve. 
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From the values of these diagrams, the 
minimum buckling strength for 50 kg/m 
rail is plotted by radius of curvature and 
ballast resistance in figure 5. In this case, 
the track skeleton stiffness is out of 
consideration. 


5. Buckling strength of track of a finite 
length. 


The above formulas refer to the buck- 
ling of so-called infinite length track. 
Under the limited considerations of a 
model or test track, theoretical values are 
bound to deviate to some extent from 
those based on these formulas. 


In figure 6, the test track is supposed 
to have alength of Nand/< N</+ 2L; 
and the buckling is assumed to have 
occurred in the middle of the track. Let 
both ends of the track be A and D, then 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 41 


the elongation AN of the rail in the 
sections AB and CD will be : 


i aa Ny 


2 EA 


AN = 
(26) 
With occurrence of buckling the points 
A and D shift toward the centre of track. 
Putting the sum of such displacement as 
K (Pt — P), the difference ’ between the 
curved part due to buckling and the 
original straight line and the elongation 
AL of rail due to the decrease in axial 
force in that part stand in the following 
relation : 


AT DAN Kee 8) (22) 


Provided it is not so sharp a curve, 
the influence of the second term on the 
right side of (22) will be negligible. 

If it is disregarded, (27) will be express- 
ed as follows, using (20) and (26) : 


Z N—I 
gE(e—e2) @—Hr fe—H7—Sjn—p 
us < = EA + a + K(Pt—P) 
E a 
Z EJ 


Substituting (24) for / in the equation above, and arranging it, we have : 


8uE2JA VES 
N + EAK 


_@tDvV2nNVES 


N2 \ 
~ 4(N + EAK) 


G) 


(n+)? WEI 


ic 2(N + EAK) 


then : 


pV p 


© (P ery 
i ee 


(28) 
2(N + EAK) 


NJ 


€ 


Q — 


ep 
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As in the case of the model experiment 
carried out, where the buckling length / 
is nearly equal to the total length N of the 


test rail, the following approximate for- . 


mula can be obtained with N = / in the 
above formula : 


V (P —é =) 
Pt = P AA 
<P3V/P + (n+ 1)V2nP3 
where : (29) 
v=8pE2JA 


_ KEA 


Fig. 6. — Equilibrium in rail of finite length track. 
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II. MODEL EXPERIMENT 


1. Design of experiment. 


For the purpose of checking the validity 
of the theoretical formulas derived in 
Chapter I, a large number of buckling 
tests have been performed on a model 
track. 

Similarity between the model and the 
real rail is not always required strictly. 
However, in order that no particular 
interaction arises, a statical section of rail 
that is approximately similar to that of 
the J.N.R. S5Okg and 37kg rail in 
moment of inertia has been adopted. The 
rail length was given 7.5m, which was 
sufficient to produce the buckling length 
of No. IV Wave Pattern. 

In the present experiment, an excessive 
current was directly passed through the 
model rail to expand it by heat, and the 
necessary axial force was created by the 
thermal stress. To hold in restraint 


~ 74.5 CM a 
ge ELEVATION Wes 
gS paz i eae of 70™ @ = 630 Cm ——__. go SS =< 
| Su) DIAL GAUGE FoR VERTICAL / Su oe 
| S33 DISPLACEMENT SSS [So 
{FES | | |RSS xe 


| 
Z5CmM @ 194 bL4cem 


Fig. 7. — Test bank. 
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the model rail, in which a compressive 
force of 500-1 000kg is created, both 
ends were anchored with a concrete block 
of a considerable size. The dimensions of 
the test bank are outlined in figure 7. 

At the rail ends, there occur slight 
longitudinal displacements which are out- 
ward up to the moment of buckling and 
inward with the beginning of buckling. 
They need measurement for each test, for 
they have a bearing on the strength as 
displacement K, as stated in the descrip- 
tion of the theoretical formula for the 
track of a finite length under Section 5, 
Chapter 1. 

The assembled track skeleton is laid on 
the test bench covered with 10 mm thick 
sand. Parallel to the rail, 0.1mm 2% 
piano wire is strung with | kg tension 
(centre deflection 0.61 mm). With refer- 
ence to this wire, the irregularity of rail 
alinement, is corrected to the tolerance 
of + 0.1 mm horizontally and + 0.2 mm 
vertically. 

The track conditions to be expected to 
contribute to the factors of buckling 
strength include the sectional area of rail, 
bending stiffness of track skeleton, ballast 
resistance and curvature of track. In the 
model experiment, a single rail is made to 
simulate in strength a whole track skeleton 
and the ballast resistance is given by 
varying the sleeper spacing. After this 
consideration, the following have been 
finally selected as experimental factors : 
that is, two levels of rail, three levels of 
ballast resistance, four levels of track 
curvature. 


2. Main test. 


The buckling test on a straight track was 
carried out 240 times in accordance with 
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the programme of experiment. Figure 8 
illustrates for each test the buckling 
strength Pt, wave pattern, buckling length / 
and buckling deformation f at diverse 
levels of ballast resistance. Figures 9 
and 10 are the histograms of the buckling 
strength based on the measurements. In 
the same diagram are shown the mean 


Photo 1. 


value x, deviation u and lower tolerance 
limit, of the buckling strength as calcul- 
ated under the condition 1 —« = 95 %, 
P= 095, 

The test on curved track was also 
performed 160 times. The value of Pr, 
wave pattern, / and f are indicated for 
each type of rail on figure li The 
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Fig. 9. — Histogram of buckling axial force in a straight track (Model rail A). 
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Fig. 10. — Histogram of buckling axial force in a straight track (Model rail B). 
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Fig. 12. — Histogram of buckling axial force in a curved track. 


histogram of buckling strength is likewise 
given by figure 12. 


3. Comparison between theoretical and 
experimental values. 


Now comparisons are made as to 
No. If Wave Pattern which was most 
frequent in the case of straight track. 


Mean value of f and buckling strength Pt 
of this pattern are calculated. From the 
intersection of the two a normal line is 
drawn toward the theoretical curve and 
the foot of the normal line is taken as 
the theoretical value. Values of the ratio 
between the theoretical and the exper- 
imental value are given in Table 2, in 


TABLE 2. — Comparison between experimental and theoretical values. 
(Straight track). 


Track conditions 


(cm) Dals 2.06 


fm 
Prm (kg) 
(kg) 


Experimental 


425 383 


Theoretical Pr 458 


A-6 cm | A-8 cm 


A-10 cm B-6 cm B-8 cm B-10 cm 


925 


Ptm/Pt 


(%) 


ou 
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which the latter is 7-8 a lower than 
the former. 

The relationship between experimental 
and theoretical value in the case of curved 
track is expressed in percentage in Table 3. 
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generally considered practicable to the 
extent of 600 m radius of curvature with- 
out any particular reinforcement of track, 
so far as the buckling strength is con- 
cerned. 


TABLE 3. — Comparison between experimental and theoretical values. 
(Curved track). 


Radius : 


300 m 200 m | 100 m 


Wave pattern : I | 


Number of tests 


(cm) 


fi” 


Experimental 


\ Ptm (kg) 


Theoretical 
Base Pr (kg) 


resistance 
neglected 
Ptm/Prt(%) 


108.4 | 123.4 


Theoretical 
Lid (kg) 


0.7 g assumed 


Prm/Pt (%) 


The theoretical formulas derived in 
Chapter I generally agreed with this 
experimental value both in the straight 


and in the curved track. 


Ill. BUCKLING TEST 
ON REAL TRACK 


1. Design of experiment. 


According to the theoretical study and 
the model tests conducted so far by the 


laboratory to which the author belongs, 
laying of continuous welded 


rail is 


ON el 12.0 


J.N.R. planned to carry out a full 
scale field test on the test track installed 
specially for the purpose at Suita Marschal- 
ling Yard, and since June 1955, besides 
various basic experiments, the buckling 
test had been conducted 8 times. 

In order to obtain the pressure on the 
rail, we used small fire tubes for locomotive 
boiler, laid along both sides of web of 
rail to pass the saturated steam (about 
8 atm. press.) of a steam locomotive. 

The purpose of the test is to check 
the theoretical buckling strength of a 
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track of 50 kg/m rail with 600m radius. 
Therefore, to facilitate the comparison 
with theory, basic tests were conducted to 


obtain the ballast resistance and-the stiff- . 


ness of track skeleton of the test track. 


2. Main test. 


The test track is a newly-laid 320m 
long curve with R = 600m. To create 
in its middle part a uniform axial force 
covering a considerable length (60m), 
both ends should be fairly rigidly fixed 
each by three of D-52 and D-51 loco- 
motives (100-120 tons) and piles. 


There was hardly any local difference in 
the rail temperature, so the average of 
the measured values at six points for 
inner and outer rails was adopted and 
from this average was sought the temper- 
ature difference from the time of instal- 
lation to the moment of buckling, which 
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was the necessary value for calculation of 
buckling force. As the rail is heated, the 
rail of buckling section develops a large 
axial force, under restraint of the fixed 
section. Actually, however, the rail 
extends itself though only to a small 
amount toward the fixed section, reducing 
the axial force accordingly. Therefore, in 
the computation of the buckling strength, 
just this amount of extension must be 
compensated. Further for the comparison 
with theory, it is necessary to have the 
amount of displacement, caused by the 
axial force which declines through buckling, 
between the two ends of the fixed section. 
It was measured with a dial-gauge from 
the standard beam (see Photo 2). 
Lateral displacement of rail up to the 
moment of buckling and that after 
buckling had started were recorded auto- 
matically by the pencil on the recording 
paper on the cross beam. The lift of rail, 


Photo 2. 
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Fig. 13. — Buckling results and theoretical curve. 


which was supposed to cause a loss in 
ballast resistance, was measured by the 
scale attached to the standard beam. 
The form of rail after buckling was 


~ determined by measuring the distances 


from the standard piles driven at an 
interval of 2m on the formation level 
on the outer rail side. 

The experimental values of buckling 
obtained from the tests on the real track 
are compared with the theoretical for- 
mulas in Chapter I to determine the 
validity of the latter. The test track is of 
a finite length with fixed sections on 
both sides and here the formulas for an 


infinitely long track is inapplicable. In- 
stead of decreased section L of figure 6, 
it must be assumed that the buckling sec- 
tion has, at its ends, A and D displace- 
ments due to the resistance K (Pt — P)/2. 
The theoretical buckling strength Pr at 
the test track whose length N # buckling 
length / is calculated from (28) of Sec- 
tion 5, Chapter I. 

The relationships between Pt and f and 
between f and / were established, and the 
results were plotted in the theoretical 
curve of figure 13. In any case, the 
agreement was excellent, being 98.4- 
102,65 


[ 625 .1 (460) ] 


The Railway from Zamora to La Coruna, 
by F. Mora, 


Ingénieur en Chef au Secrétariat général de la Direction du Réseau National des Chemins de fer Espagnols 
(R.E.N.F.E;). 


I. History. 


Railway communications between the 
centre of Spain and Galicia formerly fol- 
lowed an itinerary via Madrid, Palen- 
cia, Leon and Monforte and thence on 


to La Coruna. From Monforte, the line 
went via Orense to Vigo, Pontevedra 
and Santiago. 

By this route Vigo and La Coruna 
were respectively 837 and 845 km from 
Madrid, the line being a very difficult 
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Fig. 1. — On this diagram which shows in heavy lines the layout of the new 
railway from Zamora to La Corufa, it can be clearly seen how much shorter 
the present route Madrid-Medina-Zamora-Orense is than the old route Madrid- 


Medina-Palencia-Leén-Monforte. 
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single track one after Ledn, which great- 
ly limited the possibilities of using these 
two great Atlantic Ports and also put 
difficulties in the way of the industrial 
development of Galicia. There had long 
been a real need to improve the rail- 
way communications by making a more 
direct line, linking up Medina del Campo 
via Zamora to Orense and extending 
over a more direct layout towards San- 
tiago and as far as La Coruna; this 
would also have to make it possible to 
improve communications with the port 
of Vigo, which could remain linked up 
by its former line with the new railway 
at Orense junction and would be on a 
direct line to La Corufa via Santiago 
(fig. 1). 

Once the construction of this railway 
had been decided upon, a beginning was 
made with the Medina del Campo to 
Zamora section. Work was temporarily 
brought to a standstill at this point on 
account of economic difficulties, but in 
the year 1926 the Comte pe GUADAL- 
HORCE, who was then Minister of Public 
Works, had work on this railway re- 
sumed at the expense of the State. 


The work began in 1927, but was 
considerably slowed down in 1932, and 
’ then was completely paralysed because 
of the Civil War between 1936 and 
1939. After the war, work was resumed 
and pushed forward actively, so well 
that the inauguration of the Santiago- 
La Coruna section (75 km) took place 
in 1943, and once all the difficulties due 
to shortage of materials and economic 
isolation had been overcome, the con- 
struction of the tunnels and viaducts was 
pushed on, so that in 1953 the Zamora 
to Puebla de Sanabria section was inau- 
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gurated, the Puebla de Sanabria-Orense- 
Carballino section in 1957 and finally 
the whole railway opened to traffic on 
the 8th September 1958. 


II. The permanent way 
and its bed. 


The line, whose total length from 
Zamora to La Coruna is 452.480 km 
reaches an altitude of 1105 m above 
sea level; this is the place where there 
is the Canda tunnel, which is 2 008 m 
long, and consequently one of the longest 
on this railway. 

The line is laid to the usual Spanish 
gauge with 12 m long rails weighing 
45 kg per metre with 20 sieepers per 
rail length; the Jayout includes transition 
curves, and these as well as the straight 
sections and circular curves are checked 
by means of numbered reference posts 
which are sited 1 m from the outside 
rail. 

The maximum gradient is 15 mm per 
metre and the minimum radius of curves 
is as low as 400 m. 

The very difficult topography of the 
regions through which this line runs has 
necessitated the carrying out of numer- 
ous works, all the bridges being designed 
for double track. On this 452 km, it 
was necessary to build 14 viaducts and 
182 tunnels, whose cumulative length is 
2.70 km in the case of the viaducts and 
74 km in the case of the tunnels, this 
latter figure representing some 16.4 % 
of the total mileage of the line (fig. 2). 
There are 14 tunnels more than 1 km 
long and 24 of lengths between 500 and 
1 000 m. 

The most important works are the 
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THE MOST IMPORTANT VIADUCTS ON THE LINE 


a a ee 


Length Maximum height 
in above rail level 
metres in metres 


$n | 


Vertillo 
Truchas 
Arnoya 


Reconco 
Tambre 


viaduct over the Esla and the Padornelo 
tunnel. 

The Esla viaduct is 481 m long and 
84 m high above the river. It consists 
of a large central arch, in reinforced con- 
crete built by means of an electrically 
welded self-supporting metal arch; it has 
a span of 209.84 m and 60 m rise, and 
is completed by 8 other arches of 22 m 
span (five towards Zamora and _ three 
towards La Coruna), together with two 
~ small straight spans at each end. When 
this viaduct was inaugurated in 1943, 
its central arch was the higgest in the 
world (fig. 3) after the 264 m arch of 
the Sando bridge in Sweden. Figures 4, 
5 and 6 show other important viaducts 
on this line. 

The Padornelo tunnel, 1 104 m above 
sea level, is 5949 m long and at the 
present time is the longest tunnel in 
Spain, though the La Egafa tunnel on 
the Santander-Mediterranean Railway, 


481 
212 
280 
167 
sky) 
160 

71 
121 
128 
131 
140 
219 
109 

93 


which is now under construction will 
be 6 996 m long. 

All crossings of this railway with road 
and other lines are by means of over 
or under bridges, which made it neces- 
sary to undertake considerable work on 
diversions. 

There are altogether 52 stations on 
the line, many of them of great im- 
portance, such as those of La Coruna, 
Santiago, Orense, and Zamora, which 
were designed so that they are large 
enough to take the longest trains. The 
buildings have been inspired by the idea 
of amalgamating a rational functional 
design with rational aesthetics based on 
the local architecture (fig. 7, 8 and 9). 


ILI. Signalling, telecommunications 
and electric power. 


Between Zamora and Puebla de Sana- 
bria (inclusive), all the signal boxes are 
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TUNNELS MORE THAN 500 M LONG 


Bolajios 
Malpaso 
Fornallo 


Camba II 
Buzagueira 
Pereiro 


Sierra Pequena 
Valdecomeas 
Prado 


Salgueiros 

San Francisco 
Quintela 

Cova das Serpes 
Faracho 


San Fiz 
Figueiredo 
Maside 


Santiago 
Vista Alegre 


Espilde 


equipped with electric interlocking; the 
line is equipped with light signals and 
automatic block between stations. 
Santiago and La Corufia stations have 
light signals with electric interlocking, 
whilst in the other stations mechanical 


Distance Length Altitude 
from in in 
Madrid metres metres 


signals and interlocking have been fitted 
with fixed boards giving warning of 
approaching signals; there are advanced 
signals with triangular boards, posts 
marking shunting limits, stop blocks, 
point locks and Bouré locks, two wire 
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cables being used for all the transmis- 
sions. 

A telephone line parallel to the track 
makes use of a reinforced cable made 
up of five pairs and laid under the track 


in the cuttings and embankments or sus- 
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at all the stations, using two pairs of 
cable, another pair being used for direct 
calls, and the remaining two for the 
telephone sectioning between the sta- 
tions. 

A high tension line all along the 


Fig. 3: 


pended from the walls of tunnels, near 
the track, with protection for the cable 
on entering and leaving tunnels. 


This line is equipped with load coils 
and emergency points on the open line, 
with cast iron boxes having connections 
for auxiliary telephones. There are se- 
lective and general telephone equipments 


— Viaduct over the river Esla in the province of Zamora. 


The central arch in 
reinforced concrete has a span of 209.84 m and a rise of 60 m. The track is 84 m above 
the river bed. 


track assures a supply of electricity for 
railway requirements, and all the sta- 
tions are equipped with converter posts 
supplying the distribution system with 
low tension current to light the build- 
ings, offices, yards, platforms and track. 
In some stations 25 m high metal pylons 
have been erected with three 1000 W 
lamps to light the platforms and sidings. 


ae +. 


JANUARY 1960 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


56 


wy 


Ys 


gth of 359 m 


h a total len 


it 


Ww 


2 


Orense 


ino, near 


M 


1ver 


and 45 m above the river bed. 


duct over the r 


. — Via 


4 


. 


1g 


18) 


Fig. 5. — Viaduct of Arnoya, 167 m long and 48 m above the river bed. 
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IV. Operating. 


All the installations were provided for 
steam traction, but in view of the time 
that has elapsed between the project for 
the railway being first got out and the 
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gradients, numerous small radius curves, 
large number of tunnels, and in certain 
regions, the shortage of water, which 
would have made it difficult to supply 
the locomotives, so that steam traction 
would have been anti-economic. 


Fig. 6. — Viaduct over the river Ulla, 219 m long and 86 m above the river bed. The 
centre arch in reinforced concrete, built by means of an electrically welded self-supporting 


metal arch has a theoretical opening of 52.80 m and a rise of 27 m. 


The side arches are 10 m wide and are made of reinforced concrete. 


progress realised in recent years with 
other methods of traction, the advisa- 
bility of operating with Diesel traction 
had to be considered, as this appeared 
to be more suitable for the special 
characteristics of the line with its steep 


A thorough investigation was made 
in 1951 into the possible advantages of 
using Diesel traction compared with 
steam traction. The conclusion was that 
the cost of Diesel traction per kilo- 
metre would be 48 % lower than that 
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of steam traction for the freight services 
and about 35 % lower for the passenger 
services; it was found in addition that 
the number of locomotives needed could 
be reduced by half. 

When the Puebla de Sanabria-Orense- 
Carballino section was put into service 


Fig. 7. — Santiago de Compostela station. 
forms. 
architecture of the region. 
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tion, which often gave rise to serious 
traffic troubles. These difficulties are 
disappearing as the steam locomotives 


are being replaced by Diesel locomotives, 


which now already assure the greater 
part of the passenger and freight services. 
ALCO Diesel-electric locomotives of 


Booking office and metal roof over the plat- 
This building is one of the finest railway buildings, and reflects the classic 


On the right a metal pylon for lighting by reflectors. 


in 1957, the railway had no Diesel loco- 
motives; this was why the Traction De- 
partment had to decide to make use of 
steam traction for the time being, whilst 
having to cope with the difficulties that 
ensued owing to the great number of 
tunnels and steep gradients on this sec- 


1 800 HP are used on this line with 
four stroke engines, 12 cylinders in Vee 
and 1 000 r.p.m. (fig. 10). 

They have two three axled bogies and 
three traction motors each. The weight 
of the locomotive in running order is 
108 t with a maximum speed of 


al 


JANUARY 1960 


105 km/h and a tractive effort of 
20 820 kg. The diameter of the wheels 
is 40”; they are fitted with a dynamic 
brake and an automatic compressed air 
brake. 


The RENFE now has 24 locomotives 
of this type, which work the services 
between Orense-Zamora, Orense-Coruna, 
Orense-Vigo and Ponferrada-Monforte- 
Orense. 
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simultaneously; in addition it is being 
equipped with all the installations need- 
ed for storing and fuelling with Diesel 
oil. 
V. Repercussions 
on the national economy. 


The new line runs through the pro- 
vinces of Zamora, Orense, Pontevedra 
and La Coruna, which are very rich 
forestry, agricultural and mining districts, 


Fig. 8. — Booking office of Orense-San Francisco Station, showing the beauty of line 
and proportion native to the architecture of Galicia. 


To deal with the maintenance and 
repair of these Diesel locomotives, the 
Orense steam locomotive depot is now 
being turned into a Workshop-Depot 
for Diesel traction, with raised platforms 
and inspection pits so that it will be pos- 
sible to work on three different levels 


well known for their stock raising as 
well as their deposits of wolfram, iron, 
tin and lithium. The railway will con- 
tribute to the rapid industrial develop- 
ment of this region, where it is proposed 
to set up new industries in order to profit 
by its natural wealth. 


Fig. 9. — Orense Junction Station, where the new railway line links up with the old line | 
from Monforte to Vigo. 


In the centre will be seen the booking office and the concrete roofs over the passenger 
platforms. 


Fig. 10. — ALCO 1800 HP Diesel-electric locomotive. 


Weight in service: 108 t. 
Maximum speed: 105 km/h. 
Tractive effort: 20 820 kg. 
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REDUCTION IN THE DISTANCE 


From Madrid to Corufia. ...... 
From. Madrid to Vigo... =. |, - 
From Madrid to Orense. ...... 
From Madrid to Pontevedra. ... . 
From Madrid to Santiago ..... . 


The importance of the shortening of 
the distance between the central and 
other regions of Spain as far as the ports 
of La Corufia and Vigo are concerned, 
as well as the towns of Pontevedra, 
Orense and Santiago will result in an 
increase in the freight traffic with the 
Atlantic coast, from which all the indus- 
tries of Vigo, La Coruna and Le Ferrol 
will benefit; in these places there are 
already important metalworks, — ship- 
yards, fisheries and tinned food factories. 
It will also encourage new industrial 
centres in the provinces of Orense and 
Zamora, which are full of latent possi- 
bilities. 

Galicia, a region little frequented by 
tourists precisely on account of its dist- 
ance, which has in addition to the beauty 
of its countryside, a universal stimulus 
for the Catholic world : Santiago de 
Compostela, a city full of spirituality, 
science and art, which is now only 


Via LEON Via ZAMORA Reduction 
km km km 
845 750 95 
837 678 159 
705 546 159 
844 685 159 
917 675 242 


12 h away from Madrid. The connec- 
tion is assured by fast motor sets by 
day as well as night trains with all the 
comfort of sleeping cars. 


Although these shortenings of the dist- 
ances (fig. 11) are of great importance 
because of the corresponding reduction 
in the cost and length of the journey, we 
must not overlook the additional advant- 
age of the relief given to the old Ledn- 
Monforte line, which carries all the coal 
and iron traffic from the Ponferrada 
basin towards the embarkation ports of 
Vigo and Coruna, as it relieves the 
Orense to Vigo section likewise of all 
the traffic for Santiago and La Coruna. 


All the fast passenger and freight traf- 
fic (trains carrying fish and cattle) be- 
tween Galicia and the centre of Spain 
now travel via Zamora-Orense, with a 
great saving in cost and with absolute 
regularity in the timetables. 
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The problems of warning time adaptation 
of automatically protected level crossings, 


by Volker Becustery, Engineer, Berlin-Treptow. 


(Deutsche Eisenbahntechnik, No. 7, July 1958 ) 


1. Introduction. 


When, in the late 1920ies, the first 
automatic installations for the protection 
of level crossings were developed and tried 
out, one disadvantage which these installa- 
tions had in principle was already noticeable. 
This disadvantage is still present, and 
cannot be eliminated without certain diffi- 
culties. 

We are not referring to the possibility 
of a failure which might result in the 
installation failing to act and to warn road 
traffic. Such failures were largely elimin- 
ated or at least detected, in the course of 
time, through improving the connection 
scheme and the various components of the 
installation, through duplicating the con- 
tact points or duplicating the entire installa- 
tion, through remote supervision from 
signal cabins, and through the provision 
of proving signals for the locomotive driver. 

What we do have in mind is the contin- 
gency, often encountered in practical opera- 
tion, where the level crossing is correctly 
protected but where the period of time 


“from the initiation of the warning signal 


(red flashlight) to the arrival of the train 
is very long so that un-disciplined road 
users are tempted to cross the tracks in 
spite of the red flashlights, and are thus 
liable to cause accidents. 


2. Risk of accidents 
due to prolonged warning time. 


At a normal level crossing, the time 
required for the slowest and longest road 
vehicle to clear the crossing amounts to 
between 20 and 25 seconds. By adding a 
safety margin, the minimum warning time 


ta min has generally been fixed at 30 seconds. 
However, where several tracks are to be 
crossed, or where the crossing angle deviates 
greatly from 90°, the warning time may 
have to be increased to 40 or 50 seconds, 
and must therefore be worked out separately 
in each case. (For simplification’s sake, a 
warning time of 30 seconds has been 
assumed throughout in the following consi- 
derations.) 


In the ideal case, the train would arrive 
immediately after the expiry of this minimum 
warning period. In practice, however, this 
is not necessarily the case: It is common 
knowledge, and also apparent from earlier 
publications on this subject, that, at a certain 
distance from the level crossing, rail con- 
tacts or a long insulated track circuit are 
provided which, on being entered by the 
approaching train, cause the installation to 
be switched on and the red warning signal 
to flash. The distance of these train- 
actuated devices from the level crossing 
will obviously depend on the minimum 
warning period fq min on the one hand, 
and on the maximum train speed Vmax on 
the other hand (1). 


But, as the train speed may vary, and 
as the distance must obviously be governed 
by the maximum permissible speed, the 
ideal case will only occur with trains which 
approach the level crossing at maximum 
speed Vmax. With a train running at half 
that speed, the warning period will be twice 
as long. Expressed in general terms, the 


(1) Further details on this subject may be 
obtained from the author’s contribution to No. 2, 
1958, pp. 85 to 95, of Deutsche Etsenbahntechnik. 
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warning period is inversely proportional to 
the train speed. 
If we consider different types of railway 


lines, we find that, on industrial and narrow- . 


gauge lines, the train speeds will vary but 
little, as the maximum speed is low and 
all trains are of uniform type. On second- 
ary lines where speeds up to 60 km/h are 
permitted, it is quite possible to encounter 
goods trains running at speeds of no more 
than 30 or 20 km/h so that the warning 
period may be doubled or trebled. 


Even greater differences are encountered 
on main lines. A long-distance railcar may 
thus have a speed of 160 km/h, and this 
maximum speed, Vmax will determine the 
distance of the train-actuated devices from 
the level crossing. Only in the case of this 
train, which may pass the crossing perhaps 
twice a day, is the minimum warning period 
of 30 seconds observed. The majority of 
trains on this line will pass the level crossing 
at speeds ranging from 60 to 90 km/h so 
that the warning period will generally range 
from 53 to 80 seconds and will thus be by 
23 to 50 seconds too long. With heavy 
goods trains which may only be able to 
run at speeds of, say, 30 to 40 km/h, the 


Geschwindigkeil U—— 


U0 DOSNT 0 40 383 Mm wD 
~—— fnifernung & Ehschalisiele 
Fig. 1. — Length of warning time periods with 


different train speeds. 


S 
| 


= warning time fa, depending on the speed; 
6 = excess warning time #; (also indicating the 
required distance of the actuating point from. 
the level crossing). 


N.B. — Zeit = time. — Entfernung der Einschaltstelle = 
distance of actuating point. — Geschwindigkeit = speed. 
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warning period will amount to 120 to 
160 seconds, i.e. it will be 90 to 130 seconds 
longer than necessary. 


These data are plotted diagrammatically 
in figure 1. The top curve represents the 
warning period fg as a function of the 
speed v, on the assumption of a maximum 
speed of Vmax = 160 km/h. 


ta min* Vax 30 = 160 
ig = ————_ >= ——_-. 


V. Vv 


The lower curve indicates the excess 
warning time ¢; incurred at lower speeds. 


ty a ta — ta min 
ta min (Vmax — V) 30 (160 =a V) 
i= Thay | ibpti> 2) el a 


At the same time, this curve indicates 
that distance between the train-actuated 
device and the level crossing which would 
have to be chosen if, for any given speed, 
the minimum warning period fg min is to 
be adhered to : 


ot Vv 30 
Paton 3.6 

It follows from these curves, and from 
the discussion so far, that, for many trains, 
the warning periods are considerably longer 
than necessary. Unnecessarily long warning 
times, however, reduce the safety value of 
the installations. The road user, who will 
generally be unaware of the technicalities, 
will assume that the red flashlight is faulty, 
and will cross the track in spite of it. If 
he uses the crossing frequently and if he 
has often succeeded in this negligent con- 
duct, he becomes careless and ignores the 
red flashlight at all level crossings until, 
one day, the accident has happened. 

This risk is not quite so great with level 
crossings which, in addition to the flash- 
lights, are also equipped with half-barriers, 
since a car which has already stopped at 
the barrier must usually first reverse some 
distance before being able to by-pass the 
barrier. On the other hand, a driver who 
has observed the closing of the barrier from 
the distance would be able to ignore the 
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flashlight, the lane dividing line and the 
rules of the road, and by-pass the barrier 
without stopping. 

Observations made at a_ half-barrier 
installation in the vicinity of a village, 
where trains rarely run at maximum speed 
so that the warning period is generally of 
the order of 1 minute, showed that whilst 
motor cars were correctly stopped at the 
barrier, pedestriams and cyclists, almost 
without exception, ignored the barriers and 
crossed the tracks. ‘These pedestrians and 
cyclists were probably local residents who 
know the installation and have become 
aware of the fact that there is a long time 
interval between the closing of the barrier 
and the arrival of the train. Although such 
undisciplined behaviour on the part of 
road users may not be the rule, it is obvious 
that warning times of such length are con- 
ductive to carelessness. 


This risk was already apparent in the 
early stages of development, and different 
methods were tried out to eliminate it. 
To-day, with the much greater volume and 
higher speed of road traffic, the risk has 
increased, and its elimination has become 
an urgent necessity. In the course of the 
further development of installations for the 
safeguarding of level crossings, which has 
been carried out in recent years by the 
« Werk fur Signal- und Sicherungstechnik », 
Berlin, (WSSB), this necessity has been 
taken into account by the addition of a 
further component, known as the « warning 
time adapter ». 

According to the instructions issued by 
the Central Technical Office of the Deutsche 
Bundesbahn, and after adequate practical 
trials, this adapter is to be used at all level 
crossings where the slowest train has a 
speed equal to, or lower than, half the 
permissible maximum speed, Vimax . 


3. Possibilities 
of warning time adaptation. 


For a discussion of the technical possibi- 
lities available for the solution of the 
problem of warning time adaptation, it is 
necessary to revert to figure 1. ‘The lower 


curve indicates, on the one hand, the excess 
warning time ¢; , incurred at speeds below 
maximum speed and, on the other hand, 
the distance s between train-actuated device 
and level crossing, required for maintaining 
the minimum warning period. 


In order to achieve a uniform warning 
time of 30 seconds for any train speed, it is 
thus necessary to ascertain the speed of the 
train and, as a function of that speed, either 
to move the position of the train-actuated 
device in accordance with the lower curve 
(or, as this is technically impracticable, to 
select that position out of several which has 
the requisite distance s from the level 
crossings), or to adhere to a single position 
of the train-actuated device but impose a 
time lag of tj on the actuating time. 


Both methods have been tried out in 
practice. In Germany, the second method 
has been preferred. ‘The warning time 
adapters used by the Deutsche Bundesbahn 
in 1945, as well as the adapters newly 
developed by WSSB, are based on_ this 
principle. ‘The first-named method has been 
adopted elsewhere, especially in the United 
States. 


3.1. Method based on the selection of alternative 
actuating points. 


An essential condition for the correct 
choice of the requisite actuating point is a 
reliable measurement of the train speed. 
This speed is measured by measuring the 
time taken by the train to cover a certain 
section of track formed by an insulated rail 
or marked by two rail contacts where the 
second contact generally also serves to 
switch on the installation. The measuring 
section should be short so as to eliminate, 
as much as possible, the influence of signals 
and other factors, but it must not be too 
short as the measurement might become 
inaccurate. Normally, a section correspond- 
ing to one-tenth of the warning section is 
chosen. In the following, for simplicity’s 
sake, a | in 10 proportion for measuring 
section and warning section has been 
assumed throughout. Once that proportion 
has been chosen, it must be firmly adhered 
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to, as it serves as a basis for the whole 
warning time adaptation system. 


Figure 2 shows the layout with the warn- 


ing section s, so chosen that, with the . 


fastest train, the minimum warning time of 
ta min is obtained. Before entering the 
warning section, the train covers the measur- 
ing section m, which has a length GLU res: 
The drawing also shows, within the warning 
section, the rail contacts K4 and K 5 which 
serve to switch on the installation at lower 
train speeds. 


A train [passing the section at the 
maximum speed of 160 #km/h requires 
ta min = 30 seconds to cover the warning 
section and the tenth part of that time, 
i.e. to = 3 seconds, to cover the measuring 
section (cf. fig. 3). For this train, contact K 2, 
which has a distance of 1 330 m from the 
level crossing, must be operative in switching 
on the warning installation. Another train 
may run at a speed of, say, 80 km/h and 
will therefore, as can be seen from figure 1, 
require tg = 60 seconds to cover the warn- 


Fig. 2. — Layout of an installation for the protec- 
tion of a level crossing, with measuring section m 
and additional rail contacts K4 and K5. 
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ing section and tm = 6 seconds to cover 
the measuring section. If a time relay V6 
with a time lag of 6 seconds is provided, as 
shown in principle in figure 4, this relay 
will drop during the passage of the measur- 
ing section and will prevent, by its contacts, 
the operation of the warning signals by 
rail contact K2; on the other hand, that 
rail contact will now be made operative, 
which ensures the minimum warning time 
for a speed of 80 km/h, viz. contact K4 
in figures 2 to 4 which has a distance of 
667 m from the level crossing. In the case 
of a train running at 40 km/h, the time 
required to cover the warning section 
increases to tq = 120 seconds and the 
time to cover the measuring section to 
tm = 12 seconds. In that case, another 
time relay V12, with a time lag of 12 
seconds, will drop, and the corresponding 
rail contact K5 will be made operative, 
whilst the intermediate contacts A 2 and 
K4 are cut out. 


If the measured time t» is less than 
12 seconds, the time relay V/ 2 is no longer 
able to drop and to make contact A5 
operative. A subsequent dropping of the 
relay is prevented by the operation of rail 
contact K2. In that case, the previous 
contact (i.e. A4 in our example) remains 
operative. 


In theory, if it is desired to adhere to the 
minimum warning time for any train speed, 
it would be necessary to provide a time 


einschalter 


Fig. 4. — Connection dia- 
gram, in principle, for 
the method based on 
the selection of alter- 
native actuating points. 


B. — Signaleinschalter = 


Fig. 3. — Illustrating the method based on the selection of alternative actuating points. signal switch 
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relay for any measured time f,, which 
would make a corresponding rail contact 
operative and all intermediate contacts 
inoperative. In the case of a slow train, 
the time relays would then drop one after 
the other, and would make the rail contacts 
operative one by one until the contact 
corresponding to the measured train speed 
becomes operative. In lieu of the multi- 
plicity of time relays, it is also possible to 
use a mechanical device, cam disks, step 
switches or the like. 


In practice, economic reasons militate 
against the use of so many rail contacts. 
If insulated rails are used, their number is 
also restricted by the fact that a certain 
minimum length per rail is required. It is 
therefore necessary to forgo a linear adapta- 
tion of the warning time which would result 
in a constant warning period of f@ min at 
all train speeds, and to resort to a system 
of stepwise adaptation where the number 
of time relays and corresponding rail 
contacts is confined to one or two, as 
assumed in the above example. 


This means that a warning time of 
30 seconds applies at certain speeds only, 
e.g. in our example, at 160, 80 and 40 km/h. 
Let us assume that a train runs at a speed 
of 81 km/h. In that case, the time measured 
over the measuring distance amounts to 
approx. 5.9 seconds so that the first time 
relay is no longer able to drop, and rail 
contact K2 remains operative. The same 
applies to a train running at a speed of 
41 km/h except that the signals are operated 


_by contact K4 because the time relay V6 


has been able to drop in the meantime. 
In both cases, the warning period becomes 
59 seconds. It is thus possible for the 
warning period to vary from 30 to po 
seconds, but the latter cannot be exceeded. 


If most trains in the example here 
considered run at speeds of approx. 90 and 
50 km/h, respectively, it is undesirable to 
use 80 and 40 km/h as critical speeds as 
this would result in a high incidence of the 
long warning period. In that case, it would 
be desirable to choose, say 95 and 55 km/h 
as critical speeds so that most trains would 
have a short warning period. 
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Although, with this system, the warning 
time is not always reduced to the minimum, 
the advantage is still considerable compar- 
ed with a system without warning time 
adaptation. 


Proposals have been made for a simplified 
version of this system where two rail con- 
tacts are used, one for maximum speed, 
operative in the normal position, and one 
for medium speed. If a slow train is to 
use the line, the other rail contact is made 
operative by means of an intervention from 
the nearest signal cabin. Admittedly, the 
objective can also be attained in this way, 
but the operation is not automatic and 
adds to the duties of the signalman. More- 
over, the system is not foolproof as there is 
no automatic interlocking. 


3.2. Method based on the variation of the time 
lag imposed. 


The principle of the time lag system has 
already been discussed in section 3. In 
this case, too, the exact measurement of the 
train speed is an essential prerequisite. The 
measuring section is usually arranged in 
the same way as described above, and again, 
the speed is measured by measuring the 
running time. The task of the apparatus 
is now to delay the operation of the road 
signals by the time ft (fig. 1) as a function 
of the train speed. 


The length of the measuring section is 
one-tenth of the length of the warning 
section. A train passing at maximum speed 
requires tg = 3 seconds to cover the measur- 
ing section and tg min = 30 seconds to 
cover the warning section; the time ¢; is 
zero. A train running at a speed equal to 
half the maximum speed requires tn = 
6 seconds to cover the measuring section, 
and tg = 60 seconds to cover the warning 
section. 


In this case, tf, amounts to 30 seconds, and 
it is by this time that the operation of the 
road signals must be delayed. 


On the assumption of constant speed, the 
lengths of the sections are proportionate to 
the running times required to cover them : 
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AY ta min 


m to 


With tg = s/v and tm = m/v, one obtains : 


so that the speed v can be eliminated. 
On the other hand, the time ¢g consists of 
the components ¢; and fg min : 


ta = ty + ta min. 


gespeicherte Werte 
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section which is in excess of the running 
time taken by the fastest trains, just as fy 
represents a similar excess time for the 
warning section. ft) can easily be ascertained 
by measurement. As the requisite delay 4, 
always amounts to ten times f2, it is not 
difficult to obtain the required delay as a 
function of the measured time. What is 
needed for this purpose is a storage device 
by which values are stored during the 
period tz , and released during the period ¢; 
corresponding to ten times the storage 


Fig. 5. — Illustrating the method based on the imposition of a time lag, with one storage reservoir. 


N.B. — Gespeicherte Werte = stored values. 


Similarly, the time tf, can be de-composed 
into two components at the same ratio as 
ty and ta min : 


ln = ta + to 
After transformation, one obtains : 
ty = tg — ta min 

and, correspondingly : 


to = tn — fo - 


As the length ratio of the two sections is 
s/m = 10, it is possible to substitute t, = 
O.1) ig and’ 1¢, =O Wigvmins Somthatoone 
obtains : 


to = 0.1 (tg — tg min), Or fp = 0.1 ft). 


The time ¢2 represents that part of the 
running time of a train over the measuring 


period. When the storage device has 
returned to the zero position, the time 
t; = 10 ty has elapsed, and it is time for 
the signals to be switched on. It is also 
possible for a second storage device to store 
values over a period ten times as long, while 
the first storage device is cut out. When 
both stores have accumulated the same 
number of values, it is time for the signals 
to be switched on because the time ¢; has 
elapsed. In figures 5 and 6, these two 
possibilities are shown diagrammatically. 


The storage device may assume different 
forms, the main point being that the mul- 
tiplication of the measuring time by ten is 
carried out with sufficient accuracy. Simil- 
arly, it is necessary for the initial time 
allowance to to be adhered to accurately, 
since any error in fg will affect the minimum 
warning time tq min by ten times as much. 
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3. 21. Mechanical storage device. 


The first experiments were carried out 
with mechanical devices. A motor is used 


to move, during the period tz, a cam disk - 


away from the zero position by a certain 
amount. When the movement begins, a 
contact is opened. During the period ¢; , 
the motor returns the disk to the zero 
position by means of a | in 10 gear drive. 
When the disk has returned to the zero 
position, the contact is closed, and the road 
signals are operated. ‘This device can be 
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Fig. 6. — Method with two storage reservoirs. 
a = first reservoir; 
6 = second reservoir. 


N.B. — Gespeicherte Werte = stored values. 


varied in a number of ways. For instance, 
one may arrange for a contact arm to move, 
during the period f2, around a cam disk 
which begins to run at one-tenth of the 
speed in the same direction at the com- 
mencement of period t;. After the time ty 
has elapsed, the cam again reaches the 
contact so that the latter becomes operative. 
It has also been suggested that a motor 
should be used to modify, during the 
period fz , a rheostat series-connected with 
a second motor which is provided with a 
cam disk and, because of the resistance, 
runs correspondingly slower. 

In the following, a more detailed des- 
cription is given of the storage system which 
was used by the Deutsche Reichsbahn before 
1945 in conjunction with automatic warning 
installations [1]. This system is illustrated 
by figure 7. When rail contact A’/ (fig. 2) 
is operated, motor a begins to run. ‘The 
motor moves, at a speed V;, an arm b 
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carrying a set of contact springs which slide 
on a stationary cam disk ¢. When the 
time f has elapsed, the contact springs run 
up against the cam and are closed. If rail 
contact A 2 is operated after the time ft) has 
elapsed, the coil of the magnetic coupling d 
is energized. In consequence, both the 
coupling (via gear wheels e; and ¢2) and 
the cam disk (via gear wheels e3 and e4) 
are moved in the same direction as the 
contact arm. ‘The gear ratios of the two 
pairs of wheels are so chosen that the cam 
disk moves at a speed V2 which is 10% 
higher than that of the arm : 


y= Eh Va 


The contact therefore appears to run 
back on the cam disk at a speed of V3, 
where : 


Fig. 7. — Illustrating the principle of a warning 
time adapter with mechanical storage reservoir. 

d = magnetic coupling; 

e, to eg = gear wheels. 


A= Mocor: 
b= lever; 
CC ATI IGS Ke 


The stipulation that the stored values 
must be released in a time corresponding 
to ten times the storage time has thus been 
fulfilled. After t; has elapsed, the set of 
contact springs again drops off from the 
cam, and the contact is opened. In this 
way, the hitherto stored instruction for the 
installation to be switched on is now 
released. If a train passes the section at a 
maximum speed, K2 is reached before the 
arm runs up against the cam so that the 
contact is not closed and the installation 
can be switched on at once. 
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The apparatus also comprises a centrifugal 
governor and several cam disks and con- 
tacts at the coupling, not shown in the draw- 


ing, which are required for verification | 


purposes and for the restoration of the zero 
position. 

In contrast to the devices described in 
section 3.1, the devices based on this or 
similar principles permit a linear adaptation 
of the warning period to the speed, i.e. the 
minimum warning time is achieved at all 
speeds. 


3.22. Electro-mechanical storage devices. 


Some electro-mechanical systems have 
also become known. For instance, it is 
possible, to arrange two rotary selectors in 
such a way that one of them, W/, runs 
during the period ft, at the impulse fre- 
quency f,. During the time ¢; , a second 
rotary selector W2 runs at an impulse 
frequency f2 ten times lower than /; while 
the first selector is cut out. When both 
selectors are in the same position, the signals 
can be switched on. With this arrangement, 
a special time relay V,) must be provided 
for the initial time allowance ¢, (fig. 8), 
and the adaptation is again stepwise (fig. 9). 
It is however possible to choose, without 
great expense, a great number of small steps 
so that there is practically no difference 
compared with linear adaptation. For 
instance, if a step of 5 seconds is chosen, 
the first selector must move by one step 
every half-second. Since the maximum 


Kz 
aXe at a? tv / 
Wt or 
fF Jmpuls 
i ipa 
i Vo 1 we 
We 
01 Signol- 
einschalter 
Fig. 8. — Connection diagram, in principle, of 


a warning time adapter with electro-mechanical 
storage reservoir. 


N.B. — Signaleinschalter = signal switch. — Impulsgeber = 
impulse transmitter. 
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storage capacity must be about 15 seconds, 
the selectors require about 30 positions. 
This can be achieved with normal rotary 
selectors. 

It is also possible to resort to relay storage 
instead, which can be built up and reduced. 
Figure 10 shows the principle of a relay 
storage where impulses are stored and 
released in binary sequence : the correspond- 
ing impulse transmitter is also indicated. 
The latter consists in a relay interrupter 
with capacitive retardation, consisting of 
relays G and Ga. If condensers are used 
for the control of the impulse frequency, it 
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Fig. 9. — Curve of stored values for the systems 
illustrated in figures 8 and 10. 


N.B. — Gespeicherte Werte = stored values. 


is advisable to use only one, with a dis- 
charge time adapted by parallel-connected 
resistances to the required impulse fre- 
quency. As a result, the frequency ratio 
will remain constant, irrespective of any 
change in capacitance in the course of time. 
This is of particular importance in view of 
the well-known inconstancy of electrolyte 
condensers. Relays Gb and Ge are required 
for the inversion of the retardation. Relays S, 
Sa, Sb and Sc are storage relays, whilst A, 
Aa, Ab and Ac are auxiliary storing relays 
and FE, Ea, Eb and Ec auxiliary de-storing 
relays. 


When a train passes rail contact K/, the 
relay interrupter can start to run. The 
first delay, with parallel-connected resistance 
R1, corresponds to the time fg. With the 
first impulse, resistance R1 is disconnected 
through the auxiliary relay Gb so that the 
impulse frequency is now fj, governed by 
the parallel resistance R2, now operative. 
In addition, the first impulse serves to 
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energize the auxiliary storing relay A. 
This, in conjunction with AJ, energizes the 
storage relay S which forms, via SJ, a 
self-locking circuit. Through contact $2, 
relay Aa is made operative. At the next 
impulse, this relay as well as, through 
contact Aa/, relay Sa are energized. Sa forms 
a self-locking circuit, whilst that of S' is 
interrupted by means of contact Aa2 so 
that § drops. The alternators $2 and Sa2 
reverse so that the next impulse will again 
energize A, and the next-but-one Ab. The 
further impulses are similarly stored in 
binary sequence. The storage relays S 
work in the manner illustrated by figure 11. 

When the train passes AK 2, the latter 
contact causes the auxiliary de-storing relays, 
instead of the auxiliary storing relays, to be 
connected to impulse contact G3. In addi- 


K2 
i 5 

P Sa 

K2 755 
Sc 

6c a 


Fig. 10. — Connection diagram, in principle, of 
a warning time adapter with relay storage. 


A, Aa, Ab, Ac = auxiliary storing relays; 

E, Ea, Eb, Ec = auxiliary de-storing relays; 
G, Ga = relays of relay interrupter; 

Gb, Gc = relay for reversal of retardation; 

S, Sa, Sb, Sc = storage relays. 
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tion, resistance R2 is disconnected together 
with relay Gc so that the impulse trans- 
mitter now works with the ten times lower 
frequency f2. For instance, if eight im- 
pulses were stored during the time so 
that Sc alone was energized, the next 
impulse will cause the auxiliary de-storing 
relay Ec to be energized. Contact Ee/ 
disconnects the storage relay Sc, Ec 2, 3and 4 
serve to energize the storage relays S, Sa 
and Sb. In consequence, the relay storage 
is reduced in binary sequence in analogy 
to the way in which it has been built up, 
i.e. from bottom to top in figure 11. When 
as many impulses have been taken out as 
had been stored, all the storage relays have 
returned to the zero position so that the 
signal-operating relay OJ can again be 
energized. Figure 9 applies again. 

With the connection shown, it is possible 
to store 15 impulses. Since, in view of the 
possible difference in speed, provision must 
be made for storing about 15 seconds, one 
step, i.e. the maximum increase in the 
warning time, would amount to 10 seconds. 
This period can be reduced to half that 
time if 31 impulses can be stored. This can 
be done by the appropriate addition of one 
auxiliary storing relay, one auxiliary de- 
storing relay, and one storage relay. 
Generally speaking, the number of impulses 
that can be stored is 2n —1, where n is 
the number of storage relays. 


3, 23. Electric storage. 


All the systems described so far suffer 
from the disadvatage that they contain 
mechanically operated parts which require 
servicing and are subject to wear. Also, 
in some cases, the power requirement is 
comparatively high. This can be avoided 
if a purely electric storage system is used. 

It is easy to visualize the stored value 
shown in figure 5 as potentials. ‘The poten- 
tial would have to increase at a linear rate 
during period t, and would have to 
decrease again during period f , ten times 
as long. Alternatively, the potential might 
first drop and then increase. In any case, 
the flashlight installation must be switched 
on when the point of origin has again been 
reached. 
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Charges, and thus also potentials, can be 
stored by means of capacitances, but the 
charging and discharging processes do not 
proceed at a linear rate. Since linearity 


is an essential condition for reliable working, - 


it is only possible to use very short, pract- 
ically linear sections of the total charging 
or discharging curve. As a consequence, 
and because of the very long periods of 
time required, extremely large condensers 
and highly sensitive relays would be needed. 


| | |__| Grundstellung 
WA | 1 | Ings 
Uy | 
WLLL | 3 
RZ Wa ee 
YLEY 7 
| __ WHUa__|® " 
Wu apo 7/7 Ag 0 
ime 2 
VW}. Ghia 


al 
VA, ~VAN. 
ot GH * 
Uh YY. 
LALA" 
Wit Wi Va 


abgefalfen 
ZZ angezogen 


Fig. 11. — Sequence of storage relay operation 
for the connection scheme shown in figure 10. 


N.B. — Grundstellung = zero position. — Abgefallen = 
dropped. — Angezogen = energized. 


A simpler and more accurate method of 
obtaining a linear change of potential is 
by using electronic Sweep apparatus of the 
type used in many varieties for horizontal 
deflection in cathode ray oscillographs and 
television sets. The working of most of 
these devices is based on the fact that, in 
pentodes with constant grid potential, ‘the 
anode current is constant even if the anode 
voltage is variable. Therefore, if a con- 
denser is charged or discharged by means 
of a pentode instead of a resistance, the 
potential will vary at a linear rate (fig. 12), 


The change in the potential at the outlets 
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of the sweep apparatus has certain similar- 
ities with the required change. Generally, 
the sweep voltage is a periodic potential, 
generated by the natural oscillation fre- 
quency. It is, however, possible without 
major modification to arrange the connec- 
tion in such a way that a sweep period is 
covered merely as a result of an external 
impulse (rail contact impulse). The poten- 
tial drops at a linear rate whilst the voltage 
increase should, for most applications, be as 
short as possible so that an exponential 
curve can be accepted without detriment. 
For the purpose of warning time adaptation, 
however, even the voltage increase must 
follow a linear rate. The increase might 
be controlled by a second pentode. Alter- 
natively, it is possible to use two sets of 
sweep apparatus, as with the system con- 
sisting of two step switches. In this case, 
the two voltages must be compared with 
each other. 

There is, however, also a type of sweep 
circuit with which it is possible, by simple 
means, to generate linear voltage increases 
and voltage drops. If a square voltage is 
connected to the inlet of the circuit known 
as Miller Integrator [4], one obtains an 
output voltage Ug proportionate to the time 
integral of the input voltage, i.e. a delta 
voltage (fig. 13). The input voltage U, is 


connected via the resistance R to the grid 
of a high-boost amplifier with an input 


Fig. 12. — Increase of potential during the 
charging of a condenser. 
Left : by means of a resistance; 


Right : by means of a pentode. 
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resistance as high as possible. Through 
condenser C, the output voltage Uy is fed 
back to the control grid of the amplifier. 
As the input resistance of the amplifier 
should be very high, the current flowing 
through condenser C is nearly equal to the 
current flowing through resistance R. Hence 
the equation : 


Ue— Ug _ 4 (Uy — Ua) 
R dt . 


Because of the high amplification factor, 
the grid voltage Uy can be assumed to be 
small by comparison to U, and U,, and 
can therefore be neglected so that the 
following approximation is valid : 

Uz dU, 
Ee Sr 
R dt 

One thus obtains for the output volt- 

age Ug: 


ah Us 
Bhi Tym RC 


t 
1 
Us =—Hz | Usedt + Us. 
Oo 


where U, is the anode potential at the 
time t= 0. Moreover : 


It follows from this equation that Uy 
will rise at a linear rate with a constant 


Fig. 13. — Left : Connection diagram, in principle, 
of the Miller Integrator. — Right : Input and 
output voltage as a function of time. 
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positive input voltage U,, and will drop 
at a linear rate with negative input volt- 
age U,. 

Strictly speaking, the voltage rise or drop 
is not quite linear as the grid voltage Uy 
has been neglected. The finite value of Uy 
will cause a deviation from linearity which 
is, however, of no practical importance 
because of the high values of R and U,. 


The RC term at the beginning and the 
initial grid voltage are required when a 
continuous integration of a _ rectangular 
curve is desired, as the mean value must 
be constant in relation to the initial grid 
voltage. 


For the storage purposes in connection 
with the warning time adapter, all that is 
required is a single, very slow sweep action 
with a constant ratio, such as | in 10, 
between the period of voltage drop and 
that of voltage rise. The last equation 
applies to the voltage drop. If the voltage 
rise is desired to take place in ten times 
that period of time, it is necessary either 
for the voltage U, to drop to one-tenth 
of its value, or for R or C to rise to ten 
times their value. Moreover, the input 
voltage U, must change its sign. As we 
have to do with a single process and con- 
stant values, the RC term at the beginning 
and the initial grid potential can be left out. 
If, in addition, a sensitive relay is connected 
to the anode circuit, the storage device 
meets the specified requirements. 


The voltage changes as follows. In the 
zero position, a negative voltage Us is con- 
nected so that Ug is equal to U,; there 
is no anode current, and the relay has 
dropped. After the initial time allowance ty 
has elapsed, a positive voltage is connected : 
the output voltage begins to drop at a 
linear rate; an anode current is flowing 
so that the relay is energized immediately 
after the switch-over. After a period ¢, , 

[, again assumes a negative value. Its 
absolute value must drop to one-tenth; 
alternatively, its value remains constant but 
either R or C increase to ten times their 
value. The voltage increases again, but the 
increase takes place in ten times the period 
of time. Immediately before Ug again 


74 


reaches the anode potential U,, the relay 
drops and operates the warning signals. 


The simplest way of obtaining the reversal 
is by reversing the input voltage. 
24 volt tension available in the installation 
is chosen as the negative voltage, the positive 
voltage must amount to 240 volt which is 
available as anode potential U,. In this 
case, R and C remain constant (fig. 14). 
The determination of these values is very 


simple : it can also, again, be based on 
the equation : 
Ue 
(Ole = Ua — RC >) hee 
Hence : 
RGee 
ae Ua aa Ug E 


For U, and U,, 240 volt are chosen; ¢ is 
the required storage capacity t; which must 
be approx. 15 seconds; Ug, is the lowest 
value of the output voltage which may 
amount to about 40 volt. 


Hence : 


240-15 
~ 240—40— 


This result must be spread over R and C. 
It has already been mentioned that a high 
value of R has a favourable influence on 
linearity. If one therefore chooses R = 3MQ 
it follows that C must be = 6uF. Such a 
small condenser (which, in the form of 
an MP condenser for 350 volt, measures 
45 x 50 x 30 mm) is not attained by any 
other sweep apparatus. With the apparatus 
previously described, about ten times that 
capacitance would be required, and for the 
voltage rise even about a hundred times 
that capacitance. 


RG 18s. 


4. The new warning time adapter, 
developed by WSSB. 


The decision as to which system should 
be used for the new warning time adapter 
was not difficult. It was decided to adopt 
the system last described, since the use of 
electronics is a trend common to all spheres 
of technology, and since the other systems 
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have certain drawbacks, already discussed. 
Structurally and electrically, the new 
apparatus had to be adapted to the installa- 
tions for the protection of level crossings, 
newly developed by the VEB Werk fiir 
Signal- und Sicherungstechnik, Berlin. The 
general arrangement and design of those 
installations have already been described 
in detail in earlier publications [2] [3]. 
In the following, these installations are 
therefore assumed to be known. 


1 Anzug des 
Relais 


-260V 


+26 


Fig. 14. — Left : Application of Miller Integrator 
to warning time adaptation. — Right : Change 
of potential during the passage of a train. 


N.B. — Abfall des Relays = relay dropped. — Anzug des 
Relais = relay energized. 


4.1. Circuit arrangement. 


By and large, the circuit arrangement of 
the new warning time adapter corresponds 
to the one already described with the aid 
of figure 14. To this are added the relays 
required for the adaptation to the basic 
connection scheme. There is, however, one 
important difference : With the arrange- 
ment shown in figure 14, a special delay 
was assumed for the generation of the initial 
time allowance ¢). With the arrangement 
actually adopted, the initial time allowance 
to forms part of the voltage drop. This is 
achieved by connecting a resistance parallel 
to relay 18 in the anode circuit. Owing 
to this division of the current, the relay is 
not energized immediately, but if the 
resistance is correctly rated, only after the 
time fg. The positive voltage must there- 


A 
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fore be connected to the valve grid as soon 
as the measuring contact is actuated. 


Relay 18 must drop at the same output 
voltage at which it had been energized 
previously as it is otherwise not possible to 
ensure that the measured time is multiplied 
by ten. This condition is realized by means 
of a second winding which, during the rise 
of the anode potential, excites the relay in 


ot. 
Anzug des Relais 18 


Fig. 15. — Change of potential during the passage 
of a train, with the new WSSB type warning 
time adapter. 


N.B. — Abfall des Relais 18 = relay 18 dropped. — Anzug 
des Relais 18 = relay 18 energized. 


the opposite sense to an extent corresponding 
to the difference between energizing and 
release excitation. The further increase in 
the output voltage up to the anode potential 
U, takes place during the next 30 seconds 
but is of no significance to the connection 
scheme. The voltage-time diagram thus 
assumes the form shown in figure 15. 

The resistance parallel to relay 18 takes 
the form of a variable rheostat so that the 
time allowance ty which, in certain circum- 
stances, may also assume higher values than 
3 seconds, can be accurately pre-set. 
Similarly, to permit the adjustment of 
tolerances, the positive input voltage is 
tapped by means of a potentiometer from 
the anode potential which is therefore 
slightly above 240 V. Filament and anode 
voltage are taken from the grid by means 
of a transformer. The anode voltage is 
rectified by means of a selenium rectifier. 
The primary side of the transformer also 
contains a second winding which, in the 
case of a grid supply failure, is fed from 
the 24 V battery by means of a chopper. 

Rail contact relay 20 is connected to the 
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basic circuit scheme by the same circuit as 
relays 01 and 02. Relay 54 corresponds 
to the auxiliary signal relay in the circuit 
scheme used for home signals or block 
signals. Here, it also takes the place of the 
contacts (essential for the connection) of 
relays 01 and 02 at the stop lights and at 
the time relay 05 so that the signals can 
only operate when relay 54 is energized. 
This can only happen when rail contact K 2 
has been operated and relay 18 is in the 
zero position. 

Figure 16 shows the complete connection 
diagram of the warning time adapter, which 
supplements the basic connection scheme(?). 
Rail contact K7 is passed by a train. 
(The contact numbers #' J to K6 are already 
used in the basic connection scheme so that 
the new rail contact is called K7, and the 
one for the opposite direction A8. K7 cor- 


responds to contact A/ in figure 2. Con- 


Fig. 16. — Connection diagram of new WSSB 
type warning time adapter. 


N.B. — Von Relais... = from relay... — Nach Relais... = 
to relay... — Netz = grid supply. 
a 


(2) Cf. Deutsche Eisenbahntechnik, vol. 6 (1958), n°2, 
p- 85, fig. 5. 
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tact A2 in figure 2 corresponds to con- 
tacts AJ and K2 in the basic scheme, just 
as K3 corresponds to A3 and K¢ in the 
basic scheme, all in duplicate). When 
contact A’7 is passed, relay 20 is energized 
and forms a self-locking circuit. Through 
contact 20,2 relay 17 is energized and 
connects, by means of contact 17,3, a voltage 
of + 240 V instead of — 24 V to the grid 
of the valve. In consequence, the output 
voltage begins to drop at a linear rate. By 
means of contact 20,3 and 20,4 as well as 
17,2, the working of rail contact K7 and K8& 
as well as that of relay 18 is verified. 
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direction are operated, contacts 07,8 and 
07,9 interrupt the circuits of relays 17 
and 54. As had already been done in the 


basic connection scheme, a key is provided 


in parallel to the rail contacts. In testing 
the installation, the signal lineman is there- 
fore able to imitate the run of a train from 
the switchrack by operating the proving 
keys in their correct sequence. 

On multi-track lines, the apparatus is 
provided for each track, complete with all 
relays. It is usually possible to do without 
measuring contacts for wrong-way move- 
ments. 


Fig. 17. — Structural design of WSSB_ type warning time adapter. 


When the initial time allowance ¢) has 
elapsed, the output voltage has dropped so 
far that relay 18 can be energized. Before 
that, the opposing winding had been: dis- 
connected by contact 17,1. Contact 18,1, 
which is now open, prevents the operation 
of relay 54 after the time f has elapsed if 
rail contact K / and A 2 are operated. These 
rail contacts enable the relays 01 and 02 
to be energized which take part in the 
same self-locking circuit as relay 20. Their 
contacts 01,7 and 02,7 disconnect relay 17 
which re-connects the negative voltage 
(— 24 V) to the grid of the valve so that 
the output voltage rises again, but in ten 
times the period of time. Contact 17,1] 
connects the opposing winding of relay 18 
so that the latter drops after the time t, 
at the same voltage at which it has been 
energized before. As soon as contact 18,1 
has returned to the zero position, relay 54 
is energized and is now able to switch in 
the signals. Thirty seconds later, the train 
reaches the level crossing. 


To prevent the apparatus from working 


when the rail contacts in the opposite 


It is, however, also possible to use but 
one warning time adapter where duplica- 
tion is confined to the rail contact relay 17 
and relay 54. Ifa second train on a second 
track enters the measuring section as long 
as the device for the first track is measuring 
or retarding, it is necessary to bridge con- 
tact 18,1 by means of the two rail contact 
relays 17 parallel to 18,1, since the second 
train may be faster than the first so that 
the operation of the warning signals must 
not be retarded. This arrangement has the 
disadvantage that, whenever a second train 
comes along while the process of measuring 
and retarding has already begun for the 
first train, the installation must be switched 
on at once. The warning time is prolonged, 
especially if the second train is slower. The 
advantage is that, apart from the two addi- 
tional relays, only one set of apparatus is 
required. 

As the statistical calculations carried out 
by the Central Technical Office (TZA) of 
the Deutsche Reichsbahn showed that the 
probability of such a meeting of two trains 
at the level crossing is not as low as had 
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first been assumed, it was decided by that 
office that each track should be equipped 
with a complete set. 


4.2. Structural design. 


In the structural design of the apparatus, 
the attempt was made to assimilate the 
apparatus as much as possible to the com- 
ponents of the existing WSSB type relay 
rack. The 18-part bar for structural units, 
known from telecommunication technique, 
is provided in duplicate for single-track 
installations, and in triplicate for double- 
track installations, for the accommodation 
of the flat-type relays. This unit rack is 
also well suited to accommodate the com- 
ponents of the warning time adapter. A 
relay rack and a tag rack can be mounted 
in the normal positions without modifica- 
tion. To carry the power supply unit, the 
condensers and resistances as well as the 
valve, a special base plate is screwed on. 
Potentiometer and push button are mounted 
on a second plate, further in front, so that 
they are more easily accessible. The whole 
assembly is covered with the usual plastic 
cover. Relay 54 must be a signal relay, 
and is therefore mounted at a free position 
in the signal relay group. 


The chopper requires vertical mounting, 
and can therefore not be accommodated in 
the unit rack. Its socket is mounted in 
the immediate vicinity of the bar on an 
angle iron at the back of the rack. Figure 17 
shows the warning time adapter alone, and 
figure 18 an entire relay rack for a double- 
track installation equipped with only one 
warning time adapter for both tracks. 


For double-track lines, it is necessary to 
use two unit bars. The second bar corres- 
ponds to the first except that the power 
supply unit with chopper and relay 19 is 
omitted, as the second bar is supplied from 
the power supply unit of the first bar. 


The preparation of the layout plan is 
beset with one difficulty, viz. the choice of 
the correct position of the lineside proving 
signal. With installations based on the basic 
connection scheme, the proving signal is 
located at the position which the fastest 
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train reaches 10 seconds after passing the 
operating contacts Ki or K2. At that 
moment, the proving signal must show 
white flashlight. In the case of an installa- 
tion provided with warning time adapter, 
this condition only applies to trains running 
at maximum speed. With slower trains, the 
operation of the signals is delayed so that 
the proving signal is not yet flashing by 
the time the train passes the signal. 


Fig. 18. — Relay box for WSSB type double-track 
half-barrier installation with warning time 
adapter. 


In order to provide an indication to the 
engine driver that, in this case, the signal 
may appear later, the Central Technical 
Office of the Deutsche Reichsbahn has 
decided to provide a second proving signal 
half-way between the first proving signal 
and the level crossing. A train running at 
half the maximum speed will reach that 
signal at the moment at which the signal 
begins to flash. This arrangement is not 
quite unequivocal as it cannot be clearly 
ascertained whether the signals have failed 
or are merely delayed. With the basic 
connection scheme at present in use, how- 
ever, it is hardly possible to adopt a different 
solution. The general trend is towards 
elimination of proving signals, at any rate 
on main lines. In that case, the problem 


just referred to would cease to exist. But 


before a final decision can be made, it is 
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necessary to gather experience in this 
matter. It would also be necessary to 
adopt a basic connection scheme based on 
different principles. 


5. Potential sources of faults and errors. 


The connection schemes for installations 
for the protection of level crossings are so 
designed that all possible faults are indicated. 
Owing to the duplication of the train- 
actuated devices, a complete failure of the 
installation is highly improbable. If it 
happens the proving signal still serves as a 
safety device. Belated actuation is practically 
impossible. The new warning time adapter 
constitutes a new potential source of errors. 
Any conceivable sources of trouble must be 
taken into consideration. On no account 
must any error be allowed to be on the 
un-safe side. It is always possible to concede, 
exeptionally, a prolongation of the warning 
period up to the maximum period not 
modified by the train speed; but a shorten- 
ing of the warning period must be ruled out. 


5.1. Faults caused by the apparatus. 


Before discussing the new WSSB type 
warning time adapter, brief reference may 
be made to the potential faults of other 
systems. With the method based on the 
selection of alternative actuating points, the 
accuracy of timing depends on the time 
relays V6 and V/2._ If these relays drop 
prematurely, rail contacts A4 and K5 will 
be made operative also for fast trains so 
that the warning period is shortened. It is 
therefore necessary to reckon with the 
shortest possible retardation as governed by 
voltage fluctuations, tolerances of resistances 
and condensers, etc. In practice, the time 
lags, and thus the warning times, will there- 
fore always be slightly longer than desired. 

With all time lag systems, two factors are 
important, viz. the initial time allowance ty , 
and the multiplication of the measured 
time ft) by ten. If fg is too short, the above 
remark applies, and a slower train speed is 
simulated. The error is multiplied by ten 
in its effect on the warning period. 

If the multiplication of the measured 
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time is not done accurately, the warning 
periods will be shortened if ¢; becomes 
greater than 10 t2. With the mechanical 
systems, the multiplication of the measured 


' time (and, with the system here described 


in greater detail, also the initial time) 
depends on the constancy of the rotary 
speed which may be affected by voltage 
fluctuations and by mechanical resistances. 
Centrifugal contacts ensure that the warning 
time adapter can only work when the 
nominal r.p.m. is available; otherwise, the 
installation is cut out without delay. 

If, in the case of electro-mechanical 
systems, only one retarding condenser is 
used as already described, where the 
different time lags are obtained by means 
of parallel-connected resistances, one source 
of error is already eliminated. The muliplic- 
ation must always be constant, irrespective 
of the changes of the condenser. Voltage 
fluctuations will only have an effect if the 
voltage during the retardation process differs 
from the voltage during the measuring 
process. The initial time allowance must 
be so adjusted that, if all unfavourable 
factors are taken into account, this period 
cannot be less than 3 seconds. 

Conditions are similar with the new 
WSSB type warning time adapter. The 
multiplication of the measured time is 
dependent on both voltages. If these change 
uniformly, no error will occur; this is the 
case if the grid voltage rises. In that case, 
the battery voltage will rise at the same rate, 
as the battery is buffered from the same 
grid and no load is caused by the installa- 
tion during the retardation time. Admit- 
tedly, the initial time allowance will be 
slightly shortened, and this possibility must 
be taken into account in the pre-setting. If 
the grid voltage drops below its normal 
value, the battery voltage will only partly 
follow suit. The ratio is modified, but not 
to the un-safe side; the warning period 
becomes slightly longer. The initial time 
allowance, too, becomes longer so that the 
warning period is further increased by 
another few seconds. But this increase does 
not diminish the value of the warning time 
adapter; the additional times are small; 
they can, even under unfavourable condi- 
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tions, not amount to more than 10 seconds. 
Moreover, the transformer can be connected 
on the primary side to a smaller number of 
turns whenever the grid voltage is too low. 


During a grid failure, the two voltages 
cannot change differently since both origin- 
ate from the same source. To avoid the 
possibility of short-time supply failures or 
loose contacts in the feeder causing faults 
in the time measurement, the supply pilot 
relay cuts out automatically and cannot be 
energized before the crossing barrier opening 
relay (relay 42) has operated. 


If a train should run at such a low speed 
that the anode potential reaches its minimum 
value during the measured time /p , it is not 
possible to measure the remainder of the 
time. The delay is therefore too short by 
a period of time corresponding to ten times 
that additional time. The drop of the 
output voltage to the minimum value takes 
18 seconds. (This value differs from the one 
calculated in section 3.23, since the actual 
anode potential is U, = 280 V.) From 
this value, 3 seconds must be deducted for 
the initial time allowance t,, so that a 
storage capacity of 15 seconds remains. A 
train running at one-sixth of the maximum 
speed will make full use of this time. But 
such low speeds should be exceptional on 
main lines. The limitation of the storage 
capacity also applies to relay storage as 
well as to mechanical systems. 


Among the components, special attention 
must be paid to the valve which has a 
limited service life. The valve must be 
continually heated so that, first of all, a 
fracture of the heating filament must be 
taken into consideration. In such an event, 
or if the valve does not work for any other 
reason, there is no anode current, and 
relay 18 cannot be energized. 


Relay 54 is energized as soon as the rail 
contacts K1, K2 are operated. The installa- 
tion thus works without warning time adapt- 
ation. By means of contact 17,2, the trouble 
indicator (relay 44) is cut out so that a 
flashlight appears at the remote supervisory 
post. Ageing of the valve is noticeable 
from the lower anode current. But as the 
current is lower both during the measuring 
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period and during the retardation process, 
the ratio is not affected. All that can 
happen is a slight reduction in the time 
storage capacity. 


5.2. Faults caused by the train. 


One condition for the reliable working 
of the warning time adapter is that the 
length of the measuring section is exactly 
one-tenth of that of the warning section. 
The two warning sections of one installation 
may be of different length, e.g. on a gradient, 
so that the length of the measuring sections 
can differ correspondingly. When mounting 
the rail contacts, exact adherence to the 
prescribed distances must be ensured. 

In all the considerations so far, a constant 
train speed has been assumed. It will be 
gathered from the earlier discussion that a 
variable train speed will cause faults in all 
systems. The distances covered are no 
longer proportionate to the running times. 
A braking train is not dangerous since its 
mean speed in covering the warning section 
is lower than the speed measured on the 
measuring section so that the warning time 
is increased to an extent depending on the 
reduction in speed. A danger arises, how- 
ever, if the speed is raised within the warning 
section. In that case, the train reaches the 
level crossing before the warning time has 
expired. With low initial speed and high 
acceleration on the warning section, it is 
even possible for the train to reach the level 
crossing before the warning signals are 
even switched on. 

For instance, if the average speed on the 
warning section has increased by 10% 
compared with the speed on the measuring 
section (in which case the speed at the level 
crossing will be 20% above the speed on 
the measuring section), the running time 
needed to cover the warning section at 
constant speed is 10% longer than that 
of the accelerated train. The difference in 
running times exclusively affects the warning 
time, as the retardation time is governed by 
the still low initial speed. The error there- 
fore increases not only as a percentage of 
the increase in mean speed, but it also 
increases the more, the lower the initial 
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speed. If the initial speed was, e.g. 80 km/h 
(assuming a maximum speed of 160 km/h), 
the running time required to cover the 
warning section at constant speed is 60 


seconds from which 30 seconds are deducted — 


through the retardation. If the mean speed 
has been increased by 10%, the running 
time is reduced to 54.5 seconds from which 
30 seconds are again deducted by the 
retardation. The warning period has thus 
been reduced by 5.5 seconds. But if the 
initial speed was only 40 km/h where the 
running time at constant speed would be 
120 seconds and the running time with 
increased speed 109 seconds, the warning 
period would be reduced by 11 seconds. 
In general terms, using the equations 
developed in section 2, and applying the 
sign ¢’ to the values obtained with mean 
speeds increased by the factor x, one 
obtains : 
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This equation is shown graphically in 
figure 19. The curves below x = 1 show 
the reduced warning times encoutered if the 
mean speed is increased by the factor x. 
The curves above x = | show the increased 
warning time when the train is braked by 
the factor l/x. The kink at the speed 
ratio Vmax/V = 6 is due to the fact that, 
up to that ratio, the warning time adapter 
is able to work at a linear rate. Above that 
ratio, the storage capacity is exhausted, 
The curves show that the error is the 
greater, the lower the initial speed V. This 
is, to some extent, counteracted by the fact 
that slow trains (goods trains) have a 
smaller acceleration capacity than fast 
trains, e.g. railcars. 

A minor deficiency of about 6 seconds is 
not yet dangerous since the warning period 
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includes a safety margin of 6 seconds. 
Small safety margins are also inherent in 
the initial warning time, unless the voltage 
happens to be above normal, and in the 
measuring tolerance for long delays. <A 
further safety factor is the proving signal. 
If the signal is not showing, the driver is 
obliged to brake, i.e. the mean speed is 
again reduced, and the warning time 
deficiency is again diminished. 
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Fig. 19. — Illustrating the changes in warning 


times for trains with variable speed. 


Even so, it is necessary to avoid accelera- 
tion on the warning section, and if possible 
also deceleration. If the level crossing is 
situated just beyond a station or signal so 
that scheduled accelerations occur regularly, 
it is necessary to forgo the warning time 
adapter in the direction of running. It 
must also be remembered that the warning 
time adapter must be cut out at least for 
one direction (disconnection of rail contact 
K7 or K 8), if a temporary speed restriction 
calls for the train to accelerate regularly 
on the warning section. 


A number of schemes have become 
known which are designed to avoid a 
warning time deficiency due to train 
acceleration. All these schemes introduce 
complications and, therefore, new sources 
of errors and faults. In most cases, these 
schemes are based on the use of additional 
rail contacts which serve to monitor the 
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speed. ‘These contacts are made operative 
in accordance with the method based on 
the choice of alternative actuating points, 
le. as a function of the measured speed. 
The contacts are so arranged that a train 
running at constant speed passes over the 
corresponding contact immediately after the 
signals have been switched on by the 
warning time adapter. If the train has 
accelerated, the signals are switched on by 
this contact, instead of by the warning time 
adapter which would only act later. With 
this method, the warning time is. still 
shorter than required, though it is longer 
than without the additional device. The 
value of such an installation is doubtful. 
For, the same result can be obtained by 
forgoing the retardation-type warning time 
adapter and adopting, instead, the one 
based on the selection of alternative actuat- 
ing positions. In any case, the fault with 
the last-named system only becomes critical 
at the measuring points; there is a safety 
margin available at all other speeds. In 
contrast to the retardation system, the 
warning time can never become zero or 
assume negative values. 


With the retardation system, however, 
the measuring error can be eliminated 
even without additional devices, simply 
through shortening the measuring section 
by a certain value, and thus simulating a 
higher train speed. The calculation must 
be based on that train which shows the 
greatest difference in mean speed between 
measuring section and warning section. 
Because of the different speeds, the running 
times over these sections are no longer 
proportionate to the distances. If the 
measuring section is so shortened that the 
running time again amounts to one- tenth 
of the running time over the warning 
section, the warning time adapter will 
work without error, though of course only 
for trains with the acceleration assumed in 
the calculation. All trains with lower 
acceleration or constant speed will occasion 
a longer warning period which, like the 
shorter warning period, depends on the 
initial speed. Apart from the mathematical 
sign, the equation remains the same : 


6 
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For instance, if the measuring section is 
reduced by 20%, the trains are able to 
increase their speed up to the level crossing 
by 50° without reducing the warning 
period below the safety level. 

A train running at, say, 80 km/h over 
the measuring section may increase its speed 
up to the level crossing by 50 %, i.e. to 
120 km/h. The mean speed over the 
warning section will then be x = 1.25 times 
greater than the mean speed over the 
measuring section, i.e. 100 km/h. At 
constant speed, the train would require 
60 seconds to cover the warning section. 
With the acceleration, however, this time 
is reduced to 48 seconds. With a normal 
measuring section, the warning period 
would be reduced by 30 seconds and would 
thus become too short. But if the measuring 
section is reduced to such an extent that 
the train, running at an initial speed of 
80 km/h covers it in 4.8 seconds instead 
of 6 seconds, the warning period is only 
reduced by 18 seconds, and the minimum 
warning time is observed. The measuring 
section would have to be shortened by 
1/x, ie. by 20 % in our example. 

This time, the prolonged warning period 
for trains with constant speed can be taken 
from figure 19, the curves above x = | 
being applicable. The factor by which the 
measuring section concerned is shortened 
is 1/x, and the permissible increase in 
mean speed is x. The warning period 
increases up to a maximum of 60 seconds. 
Such a prolongation of the warning period 
is still tolerable. On the other hand, such 
high accelerations on the approx. 1 km long 
warning section are hardly practicable so 
that the reduction of the measuring section, 
and thus also the increase in the warning 
period, is generally smaller. 


6. Conclusion. 


The last paragraph shows that the most 
dangerous source of errors, viz. the increase 
in train speeds, can be eliminated without 
using additional apparatus. It is therefore 
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possible to use the new WSSB type warning 
time adapter also on sections where speed 
increases of up to 50 % over the warning 
section are regularly scheduled. 
contingency must of course be known 
beforehand, and must be taken into account 
in designing the installation. If regular 
acceleration over the warning section can 
only be expected as a temporary feature, 
e.g. because of a temporary speed restric- 
tion, it is preferable to cut out the measuring 
section for the time being so that the 
installation works without warning time 
adapter. In the immediate vicinity of a 
station, it is still preferable to forgo warning 
time adaptation, at least for departing 
trains, as the accelerations may be high. 
Moreover, the signal interlockings need only 
take into account the connecting contacts 
and not also, in addition, the measuring 
contact. 


At present, a double-track half-barrier 
installation with a warning time adapter 
is in trial operation. Experience in the 
testing laboratory and on the line has so far 
been satisfactory so that it can be expected 
that automatic installations for the protec- 
tion of level crossings, fitted with warning 
time adapters, will forthwith be provided in 
greater numbers. 


Summary. 


Where automatic installations for the 
protection of level crossings are provided 
on main lines with trains of different speeds, 
the warning periods for slow trains are 
considerably longer than those for fast 
trains. To avoid this disadvantage, so-called 
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warning time adapters are used. ‘T'wo 
principles on which the warning time 
adaptation can be based, viz. (1) selection 
of alternative actuating positions and (2) the 
imposition of a time lag, are discussed on 
the strength of several methods adopted 
in practice. The gist of the article is a detailed 
description of the device developed by the 
« Werk fiir Signal- und Sicherungstechnik » 
in Berlin-Treptow. This device, which is 
electronically operated and based on the 
time lag principle, is used in connection 
with the automatic half-barrier and road 
warning signal installations developed by 
the same works. 
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The application of ferrites to railway 
signalling systems, 


by G.R. Cass and J. Sacugs. (*) 


(Reproduced with the kind permission of the Institution of Railway Signal Engineers.) 


List of symbols. 


= Cross-sectional area of core, in cm2. 
= Magnetic path length, in cm. 

= Flux density of the ferrites, in gauss. 
==) Plux = B.A. 

Magnetising force, in cersteds. 

= Number of turns. 

= Power source voltage. 

= Instantaneous current. 
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= Proportionality constant. 


1. Introduction. 


An important aspect of the design philoso- 
phy of railway signalling has been the 
development of foolproof control mechan- 
isms which make it impossible for a danger- 
ous condition to be set up. Generally 
speaking, the signal control mechanisms 
are both « fail safe » and « interlocked. » 
The «fail safe » feature insures against 
component failure, while the « interlocking » 
feature insures against human error. 


Signal control was based for many years 
on mechanically interlocked lever frames 
and mechanical actuation of the signal. 
During recent years, however, there has been 
an increasing tendency to replace the 
mechanical systems by electrically operated 
devices. 

The electrical systems use electro-mechan- 
ical relays as the basic switching unit and 
interlocking of the relay network is readily 
achieved. Standard Post Office relays are 
thought to be quite inadequate to provide 
the desired degree of safety and reliability 


and other highly reliable relays have been 
developed. These incorporate large coils, 
heavy carbon contacts to prevent welding, 
large spacing between terminals and accur- 
ately aligned moving parts. Unfortunately, 
the cost of these relays is high and they are 
bulky. 


This paper describes some preliminary 
investigations into the possible use of new 
electronic components for the signal control 
duty, the main objectives being : 


(i) ‘To ensure that the alternative switching 
components will satisfy the safety 
requirements. 


(ii) To provide a less expensive and _ less 
bulky system. 

(iii) To have a high degree of reliability. 
The new system is expected to be at 
least as reliable as the present relay 
circuits, one improvement being the 
elimination of moving contacts. 


Thermionic valves and cold cathode tubes 
do not meet the required standards of 
safety and reliability; inter-electrode shorts 
may occur and the accidental removal of 
the bias could cause the valves to be switch- 
ed on, thus giving a false indication. Solid- 
state devices such as transistors and semi- 
conductor diodes have a very high degree 
of reliability but, similarly to valves, are 
subject to both open-circuit and short- 
circuit types of failure and hence may not 
be used in the signal control path; they may, 
however, be used in circuits, described 
later, where any form of failure would 
result in the circuits operated by them failing 
to safety. 
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The design of switching circuits, based 
upon the properties of so-called « square 
loop » ferrites, which comply with the main 
objectives of this paper, has been described. 
It was decided to use ferrite cores exclusively 
in the signal control circuits because they 
are entirely passive elements. Transistors 
are used to provide a power source for the 
core « gates » to operate. Diodes are used 
in parts of the circuit which depend upon 
their rectification property; that is, the 
diodes must act as rectifiers rather than as 
bilateral resistors. 


The scope of the work presented here is 
limited to an investigation of some of the 
possible uses of these new components in 
railway signalling and does not attempt to 
present a complete system or one that con- 
forms to all the restrictions and refinements 
of railway signalling practices. 


2. Some characteristics of ferrites. 


In general, ferrites are sintered nickel- 
based compounds which are pressed into 
various shapes. The ordinary ferrites have 
a very high magnetic permeability and an 
extremely high electrical resistivity in all 
directions. The first property is of value 
in increasing the coefficient of inductance 
of electrical circuits. ‘The second property 
means that eddy current losses are negligible, 
and therefore ferrites are useful at relatively 
high frequencies (about | 000 times higher 
than the best laminated silicon steel). 


Perhaps a more interesting class of ferrites 
for the present purpose is the so-called 
« square loop » class. These ferrites are 
similar in appearance to the ordinary type. 
They also have a very high resistivity, but 
their magnetic properties are much different. 
Figure 1 is a graph of flux density as a 
function of magnetising force for these 
materials. The diagram shows that the 
remanent flux density B, is almost equal to 
the maximum flux density Bmaz. If the 
material is in the state which will be arbi- 
trarily called — B,, and a magnetising force 
H is applied to reverse the flux direction, it 
is seen that very little flux change takes 
place until H, is reached, at which time the 
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flux promptly reverses to the other extreme. 
This hysteresis effect is attributed to the 
particularly strong magnetic dipole of the 


_molecules of the substance. For a thorough 


exposition of the physics of the phenomenon 
the excellent paper by Chen and Papoulis 
should be consulted. 


If a magnetising force is applied which is 
not great enough to «switch » the core, 
then various minor hysteresis paths will be 
followed. Here again the remanent flux 
density will be almost equal to Bmaz. In 
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figure | if the core is at — B, and a magnetis- 
ing force H, is applied and then removed, 
the flux will follow the path | - 2 - 3. The 
ratio of B; to Bmaz is called the « square- 
ness » ratio of the core and is a criterion 
of usefulness for applications based upon the 
switching properties of the core. The tem- 
perature at which the cores lose their 
magnetic properties is about 300° C. Square 
loop cores are manufactured in the form of 
toroids of various dimensions. For ease of 
winding in the laboratory one inch diameter 
cores have been used in preparing the signal- 
ling model components. 


3. Design of logical switching circuits. 
The basic circuit. 


The following electrical circuit properties 
of coils wound on square loop ferrites are 
used as the basis of design for the new 
system : 

(i) A small flux change, as occurs when 
the core flux moves along the line — B, 
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to — Baas or + By to os Deming will 
produce only a very small voltage on 
any of the linking windings. If, however, 
the flux change is from — B; to + Bmax 
or from + B, to — Baz, then a relativ- 
ely large voltage will be produced. This 
follows from Faraday’s Law of Induc- 
tion. 


(ii) The cores are current defining devices, 
that is, so long as saturation is not 
reached, they will allow only a constant 
value of current 7, to flow through the 
winding, regardless of the voltage 
applied. The current 7, corresponds to 
the magnetising force H, in figure 1. 


(iii) If less current than 7, is forced through, 
the core flux will not move around the 
B—H loop. From property (i) it can 
be seen, that in such a case, very little 
voltage will be developed on any other 
winding. The last two properties will 
now be proved. 


iS CLOSE AT t, 
OPEN AT t, 


—— 


ae 
I 


CROSS SECTION A 


LENGTH OF MAGNETIC PATH ¢, 


ier 2: 


In figure 2, we have a toroid of square loop 
material with a cross-section A, and a mag- 
“netic path of length /. The core is wound 
with N turns. The coil is connected to a 
switch which completes the circuit to a 
battery of voltage E. The switch closes at 
time f 9 and opens at time ¢;, and a current 7 
passes through the coil for the interval 
tj — ty. We shall find it useful to derive a 
relationship among these quantities. We 
may assume that the flux in the core is 
normally at — B,, and that the current is in 
such a direction as to reverse the flux to 
+ Bmaz. Figure | is a plot of flux density 
as a function of magnetising force. By re- 
plotting the graph to find magnetising force 
as a function of flux density, and idealising 
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the curve somewhat, figure 3 is obtained. 
ben = 


—Br<B< Bj foro<x H< Hy (1) 
and) By, =< B =-— Bras tor Hy <'H: 
From Faraday’s Law we have, 
ty 
edt LOS (2) 
to 


1 
yg as 
i oan 


where A@ is the change of flux and ¢ is the 
voltage applied. 


If e is constant, as in the case of figure 2, 
and equal to E, then equation (2) can be 
written as : 


E 
AG = + (4 —t 108 8) 
2) Ny” (te fo), X10 (3) 
or 
E 

then 

E -At= AB-A-N.-1078 (5) 
The maximum value of the r.h.s. of equation 
(5) is approximately : 


2B, A+N-10-8, as 
figure 3. 


can, be seen from 


Fig. 3. 


Thus the core can support a counter e.m.f. 
for a certain interval, and during this interval 
does not require the magnetising force to 
be greater than Hp. 


N: ; 
Since H = = where k is a proportion- 


ality constant, 


86 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


JANUARY 1960 

, H the same time to get an output. Figure 4 

ae lk (6) shows such a circuit. Core 1 has two wind- 

ings of N turns with relative polarities as 

We have seen that if the voltage — time shown.(*) Points A and B are the two input 


product is less than a certain maximum, 
then H need never be greater than Hz and 
consequently from equation (6) 


; Ho, -k 
imax S a (7) 


Since practically no flux change takes place 
for H less than Hj, we can say that : 

: H, -l-k 

imin 2 — (8) 
For ease of design we can say that if the 
product (or integral) of applied volts and 
time is less than a certain constant maximum 
value, for a given core, then the current 
that will flow in the circuit will be constant 
and equal to : 


Jel prodk ays 
N 


It is apparent that if less than 7¢ flows 
through a core winding very little flux 
change will result. This is easily seen in 
figure 1. A current, corresponding to Hj, is 
applied and reversed. The flux follows the 
path 1-2-3 as described previously. ‘The 
flux change along the ordinate is seen to be 
very small compared with the size of the 
B-H loop. Since the flux change is small, 
then from Faraday’s Law, the voltage 
developed is also small. 


It should be noted here that the cores are 
not used as bistable devices whose two stable 
states are + B, and — B,. 


4, The application of the basic circuit 
to failsafe « gates », amplifiers and 
« bistable » units. 


(i) « Gates » 


Using the three relations derived in the 
last section we are now in a position to 
construct a two input « and » gate. This is 
simply a device with two inputs and one 
output; both inputs must be energised at 


terminals with respect to earth. Here and 
throughout the rest of the paper a 30 kc/s 
square wave of 20 volts amplitude has been 
adopted as the power source. ‘The reasons for 
this voltage form will be given subsequently. 
This voltage will be referred to simply as E 


A B 


) 
OUTPUT 


IE 


Fig. 4. — « And » Gate. 


(meaning the instantaneous bus voltage). 
Then, if E is applied to point A, and point B 
left uncompleted, a current ie; will flow 


through coil «a» down to the — _ wind- 
2 

ing of core 2. Since z¢; will correspond to He 
for core 1, this core will cycle around its BH 
loop; but ze; is exactly half the necessary 
current required to cycle core 2 since it has 
N 

—- turns. Since core 2 does not cycle; no 


2 


output voltage will be developed on its 


(*) The dotted terminal convention is used, 
that is « currents into dotted terminals cause fluxes 
that add», or alternatively, « dotted terminals 
have the same instantaneous polarity ». 


a " wy 
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output winding. If now point B is con- 
nected to E, then core | will stop cycling 
since the two input currents are in opposite 
senses, thus causing no net magnetising 
force in the core. Therefore core 2 will cycle, 
since point C is at E, and an output will 
result. 


In this type of gate the input terminals 
(A and B) are either connected to E or open 
circuited. This is not always possible in 
practice and so a gate whose input terminals 
are either E or O volts is useful. In figure 5, 
if point A is at E and point B at earth, then 
ie, flows into the winding of core 3. This 
is insufficient to cycle it, hence there is no 
output voltage. If now, point B is raised to 
E, an additional current ic? is available. 

The sum of ic; + ic2 is just sufficient to 
cycle core 3, giving an output. 


A 8 | DIAGRAMMATIC SYMBOL 


¢ ORE |! ‘ CORE 2 
Oa PSS A 
> ea eee 
a h B 
ihuk a A&B=C 
tc | lie a IF EITHER AORBIS O, 
: ee THEN C IS O. 
CORE 3 - ~ 
ae. 
oy OUTPUT 
é * 
~ ate 
Fig. 5. — « And » Gate. 


The output of a two-input « And gate » 
can be fed into another such gate and thus 


_an « And gate » of any number of inputs can 


be built up. 
(ii) Amplifiers 


The voltage wave form degenerates after 
passing through several gates and it is 
necessary to regenerate it occasionally. For 
this purpose a regenerative or amplifier 
circuit is necessary. Figure 6 shows the 
circuit of such an amplifier. Cores 1 and 2 
are connected in such a way that there is 


no net voltage around the loop composed of 


the «a» coils, i.e., the control circuit. 
‘ore 3 will thus have only half current 
flowing into the winding. Core 4 is an input 
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transformer and core 5 is a series inductance 
to filter out switching transients. The diode 
and condenser impose an average D.C. 
current in the control loop if there is a signal 
present at the input terminal. This D.C. 


DIAGRAMMATIC SYMBOL 


UT 
IN. 
SQUARE LOOP 
CORE 
NON SQUARE LOOP 
CORE 


~ FIG 6: AMPLIFIER 


OUTPUT +OUTPUT 


Fig. 6. 


control current will saturate cores | and 2 
and core 3 will then receive the full bus 
voltage and develop an output at the term- 
inal marked « Out ». The extra winding 
on core 3 is a so-called « negation » output. 
With no input voltage at the input terminal 
core 3 will not cycle, therefore no voltage 
will be developed across any of its windings, 
thus the terminal marked « — ve out » will 
be at E by conduction through the coil up to 
the bus. When an input voltage is applied, 
core 3 is cycled, a voltage equal to E is 
developed across each of its windings and 
the potential at «—ve out» disappears 
because of the relative polarities of the coils. 

This outline is quite standard magnetic 
amplifier practice except for one very im- 
portant feature. The square loop output 
core gives the amplifier a threshold charact- 
eristic. For no input there is no output. 
As the input voltage is increased the output 
stays at zero until a certain threshold is 
reached, thereafter the output goes up very 
rapidly. The threshold input level can be 
designed to have a large range of values. 
The threshold effect means that amplifiers 
can be cascaded without an accumulative 
«leak-on » effect. ‘Typical amplifiers have 
the following characteristics : Input 20 volts 
at 15 mA giving an output of approximately 
90 volts at 150 to 200 mA. 
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(iii) Bastable units 


The threshold effect mentioned in the 
last section enables the modification of the 
amplifier circuit to a bistable unit, that is, 
a unit whose output is normally zero, but if 
turned on, will remain on. ‘This unit is 
analogous to a relay which when picked up 
holds itself. 


Figure 7 shows such a circuit. The output 
is normally zero. If a voltage is applied at 
the terminal marked « Trigger », the output 
becomes equal to the bus voltage (E). The 
output remains E when the trigger voltage 
is removed, and until the bus voltage is 
interrupted. Thereafter it remains zero 


until re-triggered. 


DIAGRAMMATIC SYMBOL. 


BUS 


TRIGGER 


OUT 


FIG 7 
BISTABLE UNIT. 


(iv) Inhibiting gate 


It is sometimes necessary to simulate the 
normally closed or « back » contacts on a 
relay. The unit of figure 8, when connected 
to the negation output of an amplifier, is 
used for this purpose. The gate itself is 
similar to the amplifier circuit except that 
it has no output coil. It does not have an 
output voltage of its own, but rather acts 
as a variable impedance between its output 
and input terminals. Normally with no 
voltage applied at the terminal marked 
« control », there is approximately 400 ohms 
impedance between «input » and « output » 
terminals. With a voltage applied at the 
control terminal the transfer impedance 
drops to approximately 5 to 10 ohms. These 
values of impedance are typical of the 
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present circuits; these circuits can be 
designed to give other values if required. 
It was explained in a previous section that 
the negation output of an amplifier is zero 
if the amplifier is « on », and E if the amp- 
lifier is « off ». Thus in figure 8, with a signal 


‘ CONTROL souTPUT 


FIG 8 


INHIBIT GATE 
Fig. 8. 


into the amplifier, its + ve output terminal 
is at E volts, its — ve terminal is at zero, 
hence the control terminal of the Inhibiting 
gate is at zero and the gate is in its « closed » 
or high impedance state. With no input to 
the amplifier the Inhibiting gate is open. 
If the wire connecting the amplifier and the 
Inhibiting gate opens for any reason, it is 
seen that the Inhibiting gate will revert to 
its high impedance or « closed » state. 


(v) Some aspects of the « fail-safe » features 
of these circuits 


All the circuits described so far have one 
thing in common, namely, if the circuit is 
opened at any point the result will be the 
loss of output voltage. In the gate circuits 
this can be readily appreciated because of 
extreme simplicity of these circuits. The 
amplifier circuit has two other components 
in it, a diode and a condenser, and the result 
of failure in these components on the 
amplifier circuit as a whole may not be 
entirely obvious. From figure 6, in order for 
cores | and 2 to pass enough current to core 
3 to cause it to develop an output voltage, 
they must have an average D.C. current 
flowing in the « a » coils, or-control circuit. 


i ae 
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An A.C. current flowing in the control 
circuit results in no output. Thus if the 
diode « opens », there will be no current in 
the control loop, and hence no output 
voltage. If the diode « shorts », there will 
be A.C. current in the control loop and 
hence again, no output voltage. If the con- 
denser « shorts », there will be no control 
voltage. If the condenser « opens », the 
magnitude of the D.C. current in the con- 
trol loop will be so reduced that the amp- 
lifier will have either no output whatever, 
or a very small output when it would other- 
wise be «on » fully. The diode and con- 
denser do not occur indiscriminately in the 
circuits but only in the way just described. 
The same arguments apply also in the case 
of the bistable unit and inhibiting gate. 


In general, it can be said that all forms of 
circuit failure are safe except an insulation 
failure in some coils. Several suggestions 
for rendering insulation failure less of an 
objection are considered later. 


(vi) An example of the realisation of a simple 
switching function. 


The design of the various gates, amp- 
lifiers and bistable units which, when con- 
nected together according to some design 
procedure, will controll the signals, has been 
discussed. The logical design of such a 
system is best shown by taking a simple 
switching function as an illustration. A 
simple route consisting of two sections of 
track only will be considered (see fig. 9). 
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If the two sections of track are unoccupied, 
the route may be set up by turning the en- 
trance key and pushing the exit button. 
To make this illustration more complete, it 
will be assumed that the signal will be 
cleared only if an associated route, not 
shown here, is in the normal « not called » 
position. 

The system must have at least two gates 
which will « open », that is, allow power to 
go through when the track circuits are clear, 
and an « inhibit » (or negation) gate which 
will open in the presence of a signal from the 
associated route showing that it is normal. 
All three gates require a signal to be present 
before they will open; this is in accordance 
with the usual safety precautions which 
require that a disconnected wire shall pro- 
duce the same effect as a condition closing 
the gates. 

The Route Trigger is a bistable unit which 
remembers that the exit button has been 
pushed, that is, that the route has been 
called, and will allow power to go through 
the rest of the circuit if the above conditions 
(labelled 1, 2 and 3 in fig. 9) are satisfied. 

If the route cannot be set up due to one 
or more of the safety conditions not being 
satisfied, or if, after the signal has cleared it 
is returned to normal by the passage of a 
train, the signalman is required to restore 
the entrance key before he can call the 
route again; the operation of the exit button 
alone should not clear the signal. ‘This 
condition is satisfied by the bistable unit 
called in the diagram the « Button Trigger». 
This unit will interrupt the power to the 
exit button once the button has been push- 
ed, regardless of whether the route has 
been obtained or not. The trigger is fed 
from the «—ve output » terminal of an 
amplifier unit; that is, power is supplied to 
the trigger when the amplifier is off. The 
trigger is turned on by means of the normal 
contacts of the entrance key, and will 
remain on irrespective of the position of the 
entrance key. Power is now available at 
the exit button. On turning the key and 
operating the exit button, the Route Trigger 
will or will not come on depending on 
whether the conditions 1, 2 and 3 are 
satisfied or not; at the same time, the amp- 
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lifier is turned on; thus there is no power at 
the «— ve output » terminal and the «But- 
ton Trigger » is turned off, interrupting the 
power to the exit button. This switches off 
the amplifier and restores the power to the 
trigger, which remains off until the restora- 
tion of the entrance key. In other words, the 
operation of the exit button causes the power 
to it to be interrupted regardless of the state 
of the Route Trigger, until the entrance 
key has been restored. 

This unit is not « fail-safe » since discon- 
necting the lead from the exit button to the 
amplifier would result in the power to the 
exit button not being interrupted on opera- 
tion of the exit button. However, this does 
not affect the safety of the circuit as a 
whole, since the necessity to restore the 
entrance key once the exit button has been 
pushed is dictated by convention and not by 
safety considerations. 


The amplifier increases the power avail- 
able to the value required to operate the 
signal lamps. ‘The negative output from 
the amplifier unit is used to operate the 
«inhibit » gate of the associated route. 
This output is present only when the amp- 
lifier itself is producing no output, that is, 
when the route is not set. 

Thus it can be seen that this « logical » 
switch system simulates exactly the beha- 
viour of relay systems. 


5. Block diagram of a simple rail- 
junction model. 


It was decided to instrument a model of a 
double track junction, the symbolic diagram 
of which is shown in figure 10. Several of 
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the refinements usually found in standard 
signalling practice (route-locking, for inst- 
ance) have been left out of this model for 
purposes of simplification. It must be 
emphasised, however, that these omissions 
do not imply any inherent limitations of 
the circuit approach presented. In fact, 
at this stage of the investigations, no reason 
has been found to prevent these new circuits 
from performing all the functions of the 
present relay system. It is felt that the 
existing model is sufficiently complex to 
demonstrate the possibilities of the system. 


Figure 11 shows a block diagram of the 
circuits involved. The diagram is somewhat 
simplified to facilitate its interpretation. 
Several design short-cuts have been used in 
the development of the circuits since all 
units are not yet compatible. The achieve- 
ment of compatibility between all units 
will require more circuit development. 
Relays have been used to start the model 
point machine motors. These relays are 
analogous to the contactors in present point 
machines. 


The power source generator is shown as 
the box marked « Generator ». It consists 
of several power transistors in a saturation 
controlled oscillator followed by current 
amplifiers. The output transistors act as 
switches making and breaking the connec- 
tion from the output terminal of the genera- 
tor to a D.C. source. This is a « fail-safe » 
circuit since failure of a transistor will 
inevitably result in no output from the 
generator which is transformer coupled to 
the bus. The basic repetition rate is 30 kilo- 
cycles per second. This frequency was 
chosen by consideration of equation (5), 
A® being fixed by the physical size of the 
core. E was chosen as 20 V, and 50 turns 
as the smallest number of turns on any core 
(to limit heat dissipation). From this, the 
period At is obtained, and can be related to 
frequency. 


A typical route, route 3 in figure 11, will 
now be considered in detail. With the 
entrance key in the normal or « off » posi- 
tion and the exit button released, power is 
available at the « Button Trigger » which 
is switched on by the normal contacts of 
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the key. On operating the key, the « But- 
ton Trigger» remains on, and, if track 
relays E, D, F and H, are energised the bus 
voltage proceeds through the E, D, F and 
H gates. Then, with points 100 reversed, 


the bus voltage passes through the corres- 
ponding gate. If the points are normal and 
their track-locking track is unoccupied, an 
alternative path is established by gates 
«B» and « 100 NW ». The two inhibiting 
These gates will only 


gates then follow. 
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normal, they will be reversed. ‘The power 
can then proceed through the two gates 
« 100RW » and « 101RW » to the signal 
light. 

The Route Trigger is holding through all 
the necessary gates. Interruption at any 
point will turn it off and a new route setting 
will be required. This can only be obtained 
by first resetting the key, since no power 
is available at the exit button until this is 
done. 


To 1G(OFF) 


To JOOW (REVERS! 


To JOOWINORMAL) 


IOORW IOIRW 


-out E E 
a + To 3G(0 
[=| UL (At 18] fa} 
OUT To |OOWIREVERSE) 


To |OIW (REVERSE) 


IOINW 


To 4G (OFF) 


Fig. 


be open if routes 2 and 4 are not set. This 
is « fail-safe » since an opening of the con- 
nection to the «control» terminal will 
close the gates, as described previously. 
Power is now available at the input of the 
Route Trigger which may be switched on by 
pressing the exit button. This action also 
causes the Button Trigger to be switched off, 
via its amplifier, thus interrupting the power 
to the button. The Route Trigger controls 
the amplifier which provides an inhibiting 
condition for routes 2 and 4, and an output 
to actuate the signal. That is, following 
down from the «+ ve output » terminal 
of the amplifier, if points 100 and 101 are 


gr | ms 
GENERATOR 

es 

as FIG Il. 


To IOIW (NORMAL) 


to 


iM 


6. Conclusions. 

The preceding circuits do not solve all 
the problems encountered in railway signal- 
ling. Such refinements as approach control 
and locking and timing circuits have not 
been included. However, it can be said that 
their inclusion would not present a major 
problem. The work has in fact shown that 
a system as safe as and in all probability 
more reliable than the present electro- 
mechanical relay system can be designed at 
a cost remarkably lower than the relay 
systems. Preliminary estimates would 
indicate a reduction in cost by a factor of 
the order of ten. 
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One-inch diameter cores were chosen for 
ease of winding in the laboratory. One of 
the first improvements that come to mind 
is a reduction in core size. This measure, 
together with an increase in the power 
source frequency would lead to a more 
efficient system and to the need for less 
turns in the coils. It is conceivable that 
the number of turns would be so small that 
each turn would be physically separated 
from its neighbour, thus eliminating insu- 
lation problems. « Potting » the units in 
resin would render them entirely weather- 
proof and shockproof. 


The design of entirely compatible units, 
that is, units that could be connected to- 
gether indiscriminately, would be the next 
step. At present, the amplifier unit is the 
only one that is entirely compatible, that 
is, it can have any other unit as input or 
output. 

Finally, to facilitate wiring and reduce 
wiring costs, the design of the basic circuits 
as « plug in » units seems to be indicated. 


JANUARY 1960 


7. Acknowledgements. 


The present investigation has been carried 
out in close collaboration with the British 
Transport Commission who placed a con- 
tract with the Electrical Engineering De- 
partment of Imperial College for the neces- 
sary equipment required. The Authors 
wish to acknowledge the considerable help, 
especially in connection with the statement 
of the railway signalling problem, which 
they have received from Mr. Woodbridge 
and his staff. Many thanks are due also to 
Professor A. Porter and Dr. A. R. Boothroyd 
of Imperial College for many hours of 
constructive discussion. 


8. References. 


(1) Cuen, T.C., and Papouuis, A. : « Terminal 
Properties of Magnetic Cores », Proceedings of 
the I.R.E., May 1958, 46, p. 839. 


(2) Mines, A. G. : « Transductors and Magnetic 
Amplifiers ». 


(3) The Mullard Ferroxcube Handbook. 


[ 656 .225 (73) ] 


Piggyback Parade. 


New progress. — New plans. — New problems, 


by Nancy Forp. 


Condensed from « Modern Railroads », February 1959). 


The transport of trailers and semi-trailers 
on flat wagons is growing in the U.S.A. 
and Canada. Although the total tonnage 
was reduced by 14.9 9 from 1957 to 1958, 
the number of wagons loaded with semi- 
trailers increased during the same period 
from 249 065 (for 40 railways) to 276 767 
(for 41 railways), or about 11.1%. There 
are already 49 railways in the U.S.A. 
offering this service (see Table I) but 
several other railways have already an- 


nounced their intention of introducing it 
very shortly (Chesapeake & Ohio, Illinois 
Central, Boston & Maine, etc.). 

This transport is offered with the variants 
shown as Plans I to V (see Table II). 
Plans III and IV were recently introduced 
for long runs, in an attempt to regain for 
the railway traffic which is being lost to an 
ever increasing extent to semi-trailers belong- 
ing to the actual consignors. The new rates 
were promptly accepted, though some of 


_—- ? 
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them give rise to enquiries started by the 
1.C.C. 

Other developments have been made 
public. For example an agreement has 
been made between the Rock Island 
Company and the Consolidated Freight- 
ways (the largest road transport company), 
an agreement which in fact lets each 
partner in on the clientele of the other. 
This agreement will have far wider reaching 
consequences than those formerly signed 
between the Chicago & Eastern Illinois and 
Kansas City with local transport firms. 

The trains transporting the semi-trailers 
have been speeded up by several railways 
linking up the West Coast to Chicago; 
savings of 24 hours have brought the times 
of many trains down to 62 or 63 hours. 
New lines have been opened to this service. 

At the same time the railways have 
continued their trials of various systems 
(see Table II). An interesting development 
has been the adoption of the Flexi-Van by 
the Chicago & Milwaukee, a system used 
to date only by the New York Central. 
Agreements have also been made by the 
Chicago, Burlington & Quincy. But the 
lack of standardisation remains one of the 
major defects of the system. 

Certain railways consider that they 
should continue to assure these services with 
the variety of equipment now in use for 
fear of loosing an important part of the 
traffic. Stress has however been laid on the 
need for the railways to form equipment 
pools (wagons, semi-trailers, containers). 

Other railways, not wishing to purchase 
stock which will soon be out of date, would 
like general regulations to be introduced 
for the exchange of such stock between 
railways. Some of them, pointing out the 
high dead weight compared with the useful 
load, insist on the need to build lighter 
wagons and _ semi-trailers, as well as to 
reduce the cost of loading and unloading. 


TABLE I. 
THESE ARE THE PLANS. 


Plan I. — Carriage by railroad of trailers 
of common carrier truckers either at a 
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flat charge per trailer or a so-called « divi- 
sion » of the rate-a « substituted » service 
performed for the trucker, who solicits the 
business and bills the shipper. Also see 
Plan V. 


Plan II. — Railroad performs all of the 
service, including furnishing of trailer, 
loading and unloading, and pickup and 
delivery. Railroad solicits the business 
at truck-competitive rates and bills the 
shipper. 


Plan III. — Railroad furnishes flatcar 
and provides loading and unloading of 
trailers. Shippers handle pickup and 
delivery. Ramp-to-ramp rates made for 
these shipper trailers based on commodity 
and quantity moved, or at a flat per-trailer 
charge. (Plan III charges usually ap- 
proximate 50 cents a car-mile when two 
trailers are loaded). 


Plan IV. — Railroad furnishes only 
power and rails for shippers who not only 
furnish both flatcar and trailers, but per- 
form all loading, unloading, and pickup 
and delivery services. A flat charge per 
car is made for not exceeding two trailers, 
and whether trailers are loaded or empty. 
(Plan IV charges usually approximate 
40 to 42 cents a mile.) 


Plan V. — Joint rail-truck rates. In 
effect, such rates extend the territory of 
each carrier into that served by the other, 
permitting each to handle shipments origin- 
ating in or destined to the other’s territory. 
Each may sell for the other. 


Note : There are a host of variations of 
these basic plans. Under Plan II, for 
example, there are special rates which 
require shipper to load, consignee to 
unload. Other rates restrict the terminal 
area; still others apply only when shipper 
picks up the empty trailer at the ramp and 
delivers the loaded trailer at the same 


location. In many cases, allowances are 
made for use of shippers’ trailers — and 
so on. 
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ABER SEE 


THE «HOW» OF PIGGYBACK. 


Although piggyback service is essentially 
the hauling of highway trailer bodies, 
whith or without wheels, atop railroad 
flatcars, a wide variety of loading and 
unloading methods and, consequently, of 
equipment, has grown up with the new 
operation. 


This experimenting is necessary and is 
bound to continue, but railroaders agree 
that more standardization must come, to 
facilitate interchange and to keep invest- 
ment in special facilities at a reasonable level. 
Many roads are turning to leasing arrange- 
ments (and so are shippers under Plans III 
and IV) as a means of keeping equipment 
costs down. 


Here, in brief, are chief loading methods 
in use, and equipment involved : 


1. Conventional end-loading on con- 
ventional flatcars converted to or built for 
piggyback service. Several simple, fast- 
working « hitch » and « tie-down » devices 
have been developed for and are in use on 
these flats. 


Trailer Train Co. — owned by ten rail- 
roads, U.S. Freight Co. and Rail-Trailer Co., 
is increasing its fleet of flatcars for lease to 
member roads to 1916 by the addition of 
800 85-ft cars built by ACF and Pullman- 
Standard. Van Car Co., a subsidiary of 
Rail-Trailer, handles car distribution. Rail- 
Trailer also has a fleet of 760 trailers (built 
by Fruehauf and Trailmobile) for lease 
under Plans I, II and III. 


2. Flexi-Van system : Employs special 
turntable flatcars and highway bogies to 
transport trailer containers without wheel 
assemblies. Until recently limited to 
New York Central, the system has been 
adopted by the Milwaukee, and the « Q » 
is now interchanging vans but not cars with 
Central. 


3. Clejan system : This « guided » end- 
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loading method requires special center-sill 
flatcars and special devices on trailers. 
Some 450 cars are in use on SP, Erie, KCS, 
and New Haven. (SP, a big user, offers a 
discount in charges to common carrier 
truckers whose equipment has Clejan at- 
tachments.) 


This system got a big push when General 
American Transportation Co. (largest of 
specialized-car operators) bought American 
patent rights on the Clejan car. GATX has 
leased 100 of these flatcars to freight for- 
warders and is building 150 new, improved 
lightweight flats for the service. GATX 
also licensed Fruehauf to build and sell 
trailers and multi-purpose containers newly 
designed for transport on GATX cars. 


4. MoPac «Container » system: In 
side loading, demountable trailers are 
swung to and from gondolas and flats by 
gantry cranes. 


3. Adapto system was developed by 
ACF, and has a wide variety of general 
and special-purpose containers. These also 
are lifted to and from flatcar or flatbed 
truck. On the Rock Island, where the 
method is in limited use, special Clark 
fork-lift trucks handle the transfer. 


Container developments are bound to 
make piggyback head-lines as more and 
more experiments are tried. Southern 
Car & Mfg. Co. recently brought out a 
« Railiner » container using special roller 
arms for side transfer between flat and 
truck. Fruehauf’s Strick Division has 
developed « Stricktainer, » a 17 %-ft body 
with an adjustable trailer chassis to handle 
one or two units. Pullman, Inc., which 
some time ago announced its « PAT » 
system, recently made Arthur L. BERRY, 
formerly General Manager of Trailer Train, 
Assistant to the President, with the specific 
assignment of advancing and coordinating 
efforts of Pullman-Standard and Trail- 
mobile in the development of trailers, 
containers, and flats for coordinated piggy- 
back services. 
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OFFICIAL 


INFORMATION 


ISSUED BY THE 


PERMANENT COMMISSION 


OF THE 


International Railway Congress Association. 


FINAL SUMMARIES 


adopted at the Enlarged Meeting of the Permanent Commission 


of the International Railway Congress Association. 
(New Delhi, December 1959). 


SECTION II. — Locomotives and rolling stock. 


QUESTION 2. 


Problems met in the design of multi-current rolling stock. 


Existing types : experimental results. 


Future developments. 


SUMMARIES. 


Multi-current motive power units are 

power units which can work with 

more than one type of current. 
Such units are already in opera- 

tion, or under construction, in the 

following combinations : 

a) D.C. systems of different volt- 
ages; 

b) A.C. systems of different volt- 
ages but the same frequency, 


c) A.C. systems of different volt- 
ages and frequencies; 

d) one or more A.C. systems and 
one or more D.C. systems; 

e) one three-phase current system 
and one D.C. system. 


Multi-current motive power units for 
D.C. systems of different voltages 
are characterized by the following 
features : 

a) Compared with motive power 
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units exclusively designed for the 
highest voltage concerned : 


— there must be a possibility 


of providing supplementary — 


combinations for the traction 
motors; 


— there must be a _ possibility 
of connecting the auxiliaries, 
inasmuch as they are fed 
from the catenary, in parallel 
instead of in series, which 
may call either for a divi- 
sion of the auxiliary power, 
or for the use of motors with 
two collectors; 


b) Compared with motive power 
units exclusively designed for the 
lowest voltage concerned : 


in addition to the features men- 
tioned under a), it is neces- 
sary to provide the traction 
motors, the high-tension ca- 
bling and those auxiliaries fed 
directly from the catenary 
with an insulation adequate 
for the highest voltage. 


The use of the full power of the 
multi-current power unit at all the 
voltages is only possible if these 
voltages are whole multiples of the 
motor voltage. 


Multi-current motive power units for 
A.C. systems of different voltages 
but the same frequency are charac- 
terized by the following features : 


a) Compared with motive power 
units exclusively designed for the 
highest voltage concerned : 
it is necessary to adapt the trans- 

former primary : 
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— either by dividing the pri- 
mary winding into groups and 
connecting these in parallel 
instead of in series; 


— or by means of a tapping 
on the primary circuit, so 
arranged that the secondary 
voltage remains the same. 


If it is desired to have the 
full power available at both 
voltages, the former method is 
only applied if the highest volt- 
age is a whole multiple of the 
lowest voltage. With the second 
method, on the other hand, it 
is always possible to obtain the 
desired tapping provided that the 
primary windings are suitably 
reinforced. 

Moreover, the second method 
permits of speed regulation on 
the high-tension side; 


b) Compared with motive power 
units exclusively designed for 
the lowest voltage concerned : 


in addition to the features men- 
tioned under a), it is neces- 
sary to provide the transfor- 
mer primary, the panto- 
graphs, the circuit breaker 
and the cabling between 
these components with an 
insulation adequate for the 
highest voltage. 


4. Multi-current motive power units for 


A.C. systems of different voltages 
and frequencies may be equipped : 


a) either with A.C. motors; 


b) or with undulating current mo- 
tors. 
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In the former case (A.C. motors), 
the multi-current motive power units 
are characterized by the following 
features : 


al) 


WZ) 


Compared with motive power 
units exclusively designed for 
the highest voltage and _fre- 
quency concerned, it is neces- 
sary : 

as far as the transformer is con- 
cerned : 

— to enlarge the copper cross- 
section of the primary wind- 
ings; 

— to enlarge the section of 
the magnetic core; 

— to provide switch-over faci- 
lities for the tertiary wind- 
ings used for current sup- 
ply to the auxiliaries; 

as far as the traction motors are 
concerned : 

— to provide for the possibility 
of modifying the degree of 
interpole shunting; 


Compared with motive power 
units exclusively designed for 
the lowest voltage and fre- 
quency concerned, it is neces- 
sary : 

as far as the transformer is con- 
cerned : 

— to insulate the primary for 
the highest voltage; 

— to subdivise the windings to 
a greater extent in order to 
reduce the leakage at the 
highest frequency; 


— to provide switch-over faci- 


lities for the tertiary trans- 
former winding; 
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as far as the traction motors 
are concerned : 


— to use traction motors de- 
signed for working at the 
highest frequency; 


— to provide for the possibility 
of modifying the degree of 
interpole shunting; 

In the second case (undulat- 
ing current motors) the multi- 
current motive power units are 
characterized by the following 
features : 


b 1) Compared with motive power 


units exclusively designed for 

the highest voltage and fre- 

quency concerned, it is neces- 

sary : 

as far as the transformer is con- 
cerned, and _ besides _ the 
particularities mentioned un- 
der a 1) for the transformer: 


— to increase the dimensions 
of the transformer in order 
to take into account the 
feeding of the motors 
through rectifiers; this in- 
crease is moreover function 
of the rectifiers combina- 
tion; 

as far as the traction motors 
are concerned : 


— to give up AC. traction 
motors, in the less frequent 
case when the power unit 
at the highest frequency 
was fitted with this type of 
motor; 


b 2) Compared with motive power 


units exclusively designed for 
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the lowest voltage and _ fre- 

quency concerned (and equip- 

ped with A.C. traction motors), 
it is necessary : 

as far as the transformer is 
concerned, and besides the 
particularities mentioned un- 
der a2) for the transfor- 
mer : 

— to increase the dimensions 
of the transformer in order 
to take into account the 
feeding of the motors 
through rectifiers; this in- 
crease is moreover function 
of the rectifiers combina- 
tion; 

as far as the traction motors are 
concerned : 

— to give up the AC. trac- 
tion motors in the most fre- 
quent case when the power 
unit at the lowest frequency 
and the lowest voltage was 
fitted with this type of 
motor; 

— to introduce rectifiers in the 
equipment. 


Multi-current motive power units for 
one or more A.C. systems and one 
or more D.C. systems are most fre- 
quently equipped with rectifiers. 

On A.C. systems the speed can 
be controlled : 


— on the A.C. side; 
— on the D.C. side; 
— at the rectifiers, if they permit it. 


Speed regulation on the A.C. 
side or at the rectifiers gives rise 
to additional complication of the 
equipment. 
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D.C. regulation increases the 
energy consumption to an extent 
which is moreover variable with the 
nature of the service. 

Multi-current motive power units 
of this category are characterized by 
the following features : 


a) Compared with motive power 
units exclusively designed for 
A.C. of the highest voltage and 
frequency concerned : 
in addition to the features 

listed under b1) of Sum- 
mary No. 4, it is necessary; 

— to adopt construction devices 
permitting speed regulation 
@ IDC. lhinese 

— to use D.C. traction motors 
whose insulation adapted to 
the highest D.C. voltage to 
be taken into account must 
be reinforced compared with 
A.C. motors; 

— to install appropriate circuit 
breakers and starting resist- 
ances equipped with the ne- 
cessary contactors; 

— to use auxiliaries which, in- 
asmuch as they are also 
required for D.C. working, 
must be designed for D.C. 
and must, on A.C. lines, be 
fed through rectifiers. 

The elimination of speed 
control on the A.C. side or at 


the rectifiers may also be en- 
visaged; 


b) Compared with motive power 
units exclusively designed for 
A.C. of the lowest voltage and 
frequency concerned : 
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— most frequent use of rectifier 
equipment; 

— increase of the size of the 
transformer, as mentioned in 
Summary No. 4. 


In addition, when working on 
D.C. lines, these motive power 
units must have the same features 
as under a) above; 


c) Compared with motive power 
units exclusively designed for 
D.C. of the highest voltage con- 
cerned, it is necessary : 


— when working on D.C. lines, 
to rely on the same measures 
as those listed in Summary 
No. 2. letter a): 


when working on A.C. lines, 
to install a transformer, a 
circuit breaker and rectifiers 
to feed the traction circuits 
and auxiliaries; 


d) Compared with motive power 
units exclusively designed for 
D.C. of the lowest voltage con- 
cerned, it is necessary : 

— when working on D.C. lines, 
to rely on the same measures 
as those listed in Summary 
No. 2, letter b); 
when working on A.C. lines, 
to rely on the same measures 
as those listed under c) 
above. 


In the only reported case of D.C. 
motive power units which must also 
work with three-phase current, a 
three-phase transformer and rectifiers 
have been provided; those permit 
the working of the traction motors 


. Multi-current 
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and auxiliaries on A.C. lines, with- 
out any alteration. 


To enable motive power units to 
work on lines with different types 
of current, they may have to be 
equipped with one or more addi- 
tional pantographs, depending on 
the networks on which they are to 
run, unless the dimensions of the 
collector bow and the performances 
can be completely standardized. 


It is desirable to provide, on multi- 
current motive power units, either a 
protection device preventing the con- 
nection of the feeding system to a 
wrong traction coupling or a wholly 
automatic traction equipment selec- 
tion device. 


In all cases, where it is not neces- 
sary to obtain the full power with 
all the types of current concerned, 
the various conditions outlined above 
may be relaxed or even ignored, 
and other solutions might also be 
adopted. 


motive power units 
are more complicated, and therefore 
more costly, than motive power units 
designed for one type of current 
only. 

Therefore, the numbers of such 
vehicles for which orders are placed, 
are normally limited to the number 
needed and remain small; this fact 
tends to increase the price still 
further. 


_Owing to their complexity, the cost 


of maintaining the electrical parts of 
multi-current motive power units is 


100 


£2) 


is 
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higher than with units designed for 
one type of current only. This 
applied the more, the greater the 


number of different types of current 


for which the unit is designed. 


However, as the total mainten- 
ance cost is largely governed by the 
maintenance of the mechanical parts, 
an increase in the cost of maintain- 
ing the electrical parts will not have 
a major incidence on the total main- 
tenance cost. 


In view of the fact that the first cost 
and maintenance cost of multi-cur- 
rent motive power units are higher 
than those of units designed for one 
type of current only, preference 
should be given to the alternative 
solution of changing locomotives at 
the transition station, wherever this 
solution is compatible with operat- 
ing conditions. 


Where the change of motive power 
units is not compatible with operat- 
ing conditions, e.g. because : 


— the transition stations are com- 
plicated, or 


14. 
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— it is desired to work through 
trains without changing  loco- 
motives, or 

it is desired to obviate the need 
for passengers to change from 
one railcar or multiple-unit train 
to another, or 

it is necessary to have regard to 
the shunting movements at sta- 


tions equipped for more than 
one type of current; 
multi-current motive power units 


must be used. 


The technical feasibility is de- 
monstrated by vehicles already in 
service. 


If operating requirements permits, it 
is advisable, for economic reasons, 
to design the multi-current motive 
power units with one type of cur- 
rent working at reduced power. 


This solution is acceptable if the 
working of the motive power units 
is confined to short runs over the 
transition points, to reach the sta- 
tion of the adjoining railway system 
equipped with one type of current 
only. 
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OBITUARY. 


Sir William WOOD, 


Former President of the London Midland and Scottish Railway. 


Former Member of the Permanent Commission of the International Railway Congress Association. 


We have learnt with deep regret the 
death on August 27 last, of our Colleague 
Stir WiLLIAM Woop, who was a former 
member of the Permanent Commission of 
our Association. 


Str WILLIAM Woop was born at Belfast 
on February 14, 1883. He was educated 
at the Methodist College, Belfast, and at 
the age of 15 joined the accountant’s de- 
partment of the former Belfast and North- 
ern Counties Railway. When the Govern- 
ment took control of the Irish Railways 
in 1917, he was appointed secretary and 
later a member of the railway accountants 
committee set up by the Irish Railway Exe- 
cutive Committee. In 1919, when the 
Ministry of Transport was formed, he was 
transferred to London as Director of ‘Trans- 
port (accounting). 

Later, in 1924, he returned to the rail- 
way service as assistant to the accountant- 
general of the L.M.S.; he became controller 
of costs and statistics in 1927 and three 
years later he was appointed Vice-President 
of that railway. 

SiR WILLIAM Woopb was created a 
Knight Bachelor in 1937 for his services 
to transport. When the war came in 1939, 
he was nominated member of the Railway 
Executive Committee and in 1941 he suc- 
ceeded to Lord Stamp as President of the 
L.M.S. Railway, taking over the burden 
of supreme executive responsibility, in addi- 
tion to his duties as a member of the 
Railway Executive Committee. In 1947, 
he was created K.B.E. In August 1947, two 
days after the Transport Act became law, 
he was appointed a full-time member of 
the British “Transport Commission. He 
retired in 1953. 
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Sir WILLIAM Woop was a Member of 
our Permanent Commission and of our 


Executive Committee from February 1946 — 


to February 1948. In spite of his many 


activities, he was very devoted to the works 
of our Association. Always pleased to help 
with all his experience and knowledge in 
any occasion, he distinguished himself by 
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his clear sightedness, logic and competence 
and was held in very high esteem by his 
Colleagues of the Permanent Commission, 
who will keep the best remembrances of 
him. 

We wish to convey our sincerest sym- 
pathy to his family. 

The Executive Committee. 


NEW BOOKS AND PUBLICATIONS. 


[ 625. 15 ] 


WOLTIJEN (H), Engineer, Minden (Westphalia) — Weichenbautechniches Handbuch (Manual 
on the utilisation of points and crossings in station layouts). — One volume (4 3/8 x6 in.) 
of 592 pages with more than 400 figures, diagrams and tables, — 1959, Frankfort (Main) 
and Berlin-Zehlendorf, Dr. Arthur TETZLAFF-Verlag. (Price : bound in cloth, DM 12). 


Some thirty years ago, a study group 
seconded from the Central Management 
of the German Railways, designed the 
« Reichsbahn » type standard points and 
crossings to take the place of the many 
different types in use that had belonged 
to the former State railways. After this 
considerable task was completed, there was 
a long gap before any further technical 
progress took place in connection with 
points and crossings. However, after the 
last war, it was found essential to make 
certain improvements, which led to the 
publication of a new edition and to bring- 
ing up to date the manual under this 
heading. 

This manual is intended to serve as a 
guide when studying the layout of stations. 
The Bundesbahn, the successor of the 
Reichsbahn, has at the present time 
21 basic points designs, 16 turnouts and 
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8 crossings; turnouts on curves are also 
derived from the basic types of points. 

After the usual introduction, 54 pages 
are devoted to diagrams of the old type 
equipment still in service though aban- 
doned in principle. The following 17 pages 
show dimensioned diagrams of the new 
type equipment, 45 a alle Phe next 
52 pages are devoted to trigonometrical 
tables and other tables to facilitate the 
calculation of connections and points on 
curves. Then follow 315 pages giving di- 
mensioned diagrams of a large number 
of groups of points and crossings realised 
in practice or realisable. The work ends 
with 133 pages of tables dealing with the 
fundamental components, in wood and 
metal, which are used in « Reichsbahn » 
type points and crossings. 

This is an extremely useful manual for 
all those who have to deal with points and 
crossings of the German type. 

1Ne A fp 


Vortrige und Berichte des 2. Verkehrs- Wissenschaftlichen Tages der Hochschule fiir Verkehrs- 
wesen Dresden. (Lectures and Reports of the Second Transport Science Days at Dresden 
Higher Transport School), 14/16 June 1958. — One volume (5 1/2 * 77/8 in.) of 200 pages 
with numerous illustrations. — 1958, Dresden. Compiled and published by the « Rektorat 
der Hochschule fiir Verkehrswesen, Dresden ». 


The Higher Transport School of Dresden 
held in June this year its third meeting 
devoted to the study of transport sciences. 

On this occasion, they have published 


the proceedings of the meetings and lec- 
tures organised at the previous meeting 
in 1956. 

Thirty lectures were given. The subjects 
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covered deal with all aspects of railway 
science: organisation, operation, telecom- 
munications, construction of the rolling 
stock, development of welding, electrifica- 


tion, fixed installations and infrastructure, ° 


the economics of transport. 

For lack of space, only seven reports have 
been reprinted in full. These deal with 
automation on the railways, the organisa- 
tion of marshalling yards, the use of weld- 
ing in the maintenance of railway rolling 
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stock, electric transmissions for Diesel stock, 
the prevention of slipping of the ground, 
and with productivity and wages in the 
transport undertakings of the German 
Democratic Republic. 


In the case of the other lectures, a brief 
summary with bibliographical reference, if 
the matter in question has been published 
in the technical press, is given at the end 
of the book. 

R. S. 


eT. ~ =. = 


MONTHLY BIBLIOGRAPHY OF RAILWAYS® 


PUBLISHED UNDER THE SUPERVISION OF 
P. GHILAIN, 


General Secretary of the Permanent Commission of the International Railway Congress Association. 
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I. — BOOKS. 
1959 624 
In French. TSCHIRCH (G.). 
Kurventabellen fiir die schnelle Berechnung _ voll- 
kommen beliebiger Durchlauftriger bei vollkommen 
1959 691 (02 | beliebiger Belastung. - 
ERRIN (A.). Essen, Verlag von W. Girardet. 24 Seiten (21 x 30 cm) 


Traité de béton armé. Tome II: Le calcul du béton 
mé. 

Paris, Dunod, éditeur. Un volume (16 x 25cm) de 
0 pages avec 230 figures. (Prix : broché, 2 800 fr. fr.) 


1959 691 


ACHE (A.). 

La corrosion des métaux. 

Paris, Presses Universitaires de France, éditeur. (Col- 
ction « Que sais-je ? »). Un volume (Tis 17,50) 
> 125 pages, avec 15 figures. (Prix : 200 fr. fr.) 


1959 624 .51 (44) 
Inauguration officielle du pont de Tancarville (25 juil- 
t 1959). Extrait du Moniteur des Travaux Publics et 
u Batiment, n° du 31 juillet 1959. 

Paris, Le Moniteur des Travaux Publics et du Bati- 
ent, 32, rue Le Peletier. Une plaquette (22,5 x 31 cm) 
e 24 pages, abondamment illustrée. 


1959 62 (Ol 
*HERMITE (R.) & FICHELSON. 

Traité d’expertise et d’essais des matériaux et des 
onstructions : Méthodes générales d’essai et de contrdle 
n laboratoire. Livre I : Mesures géomeétriques et méca- 
iques. 

Paris, Eyrolles, éditeur, 61, boulevard Saint-Germain. 
Jn volume relié de 750 pages, avec 475 figures. (Prix : 


700 fr. fr.) 


a In German. 


1959 53 (02 

Lexikon der Physik. 2. Ausgabe. Herausgegeben yon 
Dipl.-Ing. H. FRANKE. 

Stuttgart, Franck’sche Verlagshandlung W. KELLER 
% Co. 2 Bande, 1 639 Seiten (Lexikonformat), mit 
352 Abbildungen im Text und 46 Kunstdrucktafeln. 
Preis, in Leinen gebunden, DM 198.—.) 


mit 6 Kurventabellen. (Preis : DM 8.—.) 


1959 625 .15 
WOLTJEN (H.). 

Weichenbautechnisches Handbuch. 

Frankfurt (Main), Dr. Arthur Tetzlaff-Verlag, Nidda- 
strasse 64. 600 Seiten (Taschenformat) mit itber 400 Ab- 
bildungen, Skizzen und Tabellen. (Preis, Ganzleinen, 
DM 12.—.) 


In English. 


1959 621 .431 .72 
MORGAN-JONES. 

British high-speed Diesels. 

London: Temple Press Ltd., Bowling Green Lane, 
E.C. 1.-(Price 2-15:s:) 


1959 621 .13 (09 
RANSOME-WALLIS. 

The concise encyclopedia of world railway locomotives. 

One volume (10 x 71/2 x 13/4 in.) of 512 pages, 
illustrated. 

London : Hutchinson & Co. (Publishers) Ltd., 178- 
202, Great Portland Street, W. 1. (Price : 50s.) 


1959 621 .431 .72 
SMITH (D.H.). 

«The modern Diesel ». 13th edition. 

London : Iliffe and Sons Ltd., Dorset House, Stam- 


ford Street, S.E. 1. (Price: 17s. 6d.) 


1959 621 .13 (09 (73) 
WARNER (P.T.). 

Locomotives of the Pennsylvania Railroad, 1834- 
1924. 


One volume (11 x 81/2 in.) of 80 pages. 
Illinois, U.S.A. : Owen Davies, 1214 North La Salle 
Street, Chicago, 10. (Price: $ 3.00.) 


(1) The numbers placed over the titl 
onj 


science », by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the Intern ttiona 


jointly with the Office Bibliographique International, of Brussels, (See « Bibliographical Decima 


e of each book are those of the decimal classification proposed by the Railway Congress 


{ Classification as applied to Railway 
1 Railway Congress p. 1509). 
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II. — PERIODICALS. 


In French. 


Acier-Stahl-Steel. (Bruxelles.) 

1959 624 .9 
Acier-Stahl-Steel, novembre, p. 483. 

TOINT (E.). — Assemblages par boulons a serrage 


intensif. (2000 mots & fig.) 


1959 669 .1 
Acier-Stahl-Steel, novembre, p. 499. 
ECKARDT (H.). — Emploi des profilés d’acier 


extrudés. (3 000 mots & fig.) 


Annales de 1’Institut Technique 
du Batiment et des Travaux Publics. (Paris.) 


1959 62 (01 
Annales de 1’Institut techn. du Batiment et des Trav. 
Publics, octobre, p. 1075. 
COLONNETTI (G.). — Plasticité et fluage. (5 000 
mots & fig.) 


Annales des Travaux Publics de Belgique. 
(Bruxelles.) 
1959 662 
Annales des Travaux Publics de Belgique, n° 1, p. 7. 
de GRAVE (A.). — L’utilisation des huiles combustibles. 
Chaufferies, cheminées et entreposage (13000 mots, 
tableaux & fig.) 


Bulletin de l’Association Suisse 
des Electriciens. (Ziirich.) 


1959 621 .316 
Bull. de l’Ass. Suisse des Electriciens, 24 octobre, p. 1053. 
GERMANIER (R.). — Commande automatique a 


transducteur pour le démarrage de véhicules automoteurs 
a courant alternatif. (9 200 mots & fig.) 


1959 621 .31 
Bull. de l’Ass. Suisse des Electriciens, 7 novembre, p. 1109. 

WEBER (M.). — Synthetische Polymene fiir Kabeliso- 
lationen. (2 700 mots & fig.) 


Bulletin scientifique de l’Association des Ingé- 
nieurs électriciens sortis de |’Institut Electro- 
technique Montefiore. (Liége.) 

1959 53 
Bull. scient. de l’Assoc. des Ing. électr. sortis de l’Institut 
Electrotechnique Montefiore, avril-mai, p. 347. 

FRENKIEL (J.). — Les parois minces dans lisolation 
acoustique. (8 500 mots & fig.) 


1959 621 .31 
Bull. scient. de l’Assoc. des Ing. électr. sortis de l’Institut 
Electrotechnique Montefiore, juin-juillet, p. 377. 
POKORNY (F.). — Redresseurs au silicium de grande 
puissance. (9000 mots & fig.) 


Bulletin de la Société Francaise des Electriciens. . 


(Paris.) 
1959 621 .332 
Bulletin de la Soc. Frangaise des Electriciens, septembre, 
p. 504. 
PLANTE (P.). — Raccordements électriques par 


contact des conducteurs usuels en aluminium et cuivre. 
(8 000 mots & fig.) 


1959 621 .332 
Bulletin de la Soc. Frangaise des Electriciens, septembre, 
p. 541. 


LAFONT (P.). — Isolateurs en résine époxyde. Com- 
portement sous pollution et humidification. (1 400 mots 
& fig.) 


Bulletin technique de la Suisse Romande. 


(Lausanne.) 
1959 621 3 
Bull. techn. de la Suisse Romande, 24 octobre, p. 346. 
BOBILLIER (P.-A.). — Conception et structure des 
ordinateurs modernes. (9 000 mots & fig.) 


Bulletin des Transports Internationaux 
par Chemins de fer. (Berne.) 


1959 385 (06 
Bull. des transp. intern. par ch. de fer, octobre, p. 247. 

DRAZKIEWICZ (H.). — Naissance et structure de 
POrganisation pour la collaboration des Chemins de fer 
(OSShD). (2000 mots.) 

1959 385 .6 (4) 
Bull. des transp. intern. par ch. de fer, octobre, p. 261. 

Extrait du Rapport de gestion de Office central des 
Transports Internationaux par Chemins de fer pour |’an- 
née 1958. (1 500 mots & tableau.) 


Bulletin de l’Union Internationale 
des Chemins de Fer. (Paris.) 


1959 625 .244 
Bull. de l'Union Intern. des Chemins de fer, septembre- 
octobre, p. 304. 
PIEFFORT. — Les transports ferroviaires sous régime 
de la température dirigée. (5000 mots & tableaux.) 


g onl | to 


ey So 


1959 385 (09 (3) & 385 .113 (3 
Bull. de l'Union Intern. des Chemins de fer, a 
octobre, p. 318. “ 

Les Chemins de fer en 1958. (Septiéme Partie.) (2 500 
mots.) 


1959 , 656 .2 (4) 

Bull. de l’Union Intern. des Chemins de fer, septembre- 
octobre, p. 326. 

GUIBERT (R.). — Exposé sur le point de vue des 
Chemins de fer Européens, sur une politique commune 
des transports et sur le probléme institutionnel. (Chambre 
de Commerce Internationale, 17° Congrés - Washington, 
19-26 avril 1959). (2 000 mots.) 


C.F.F. (Berne.) 
1959 
C.F.F., novembre, p. 4. 
THALMANN (J.). — Essai en grand d’imprimeuses 
de guichet a Bale C.F.F. (800 mots & fig.) 


656 .211 .5 (494) 


1959 
C.F.F., novembre, p. 8. 
Lorsque le rail croise la route... (600 mots & fig.) 


625 .162 (494) 


Containers. (Paris.) 
1959 
Containers, n° 22, décembre, p. 16. 
Les transports sous température dirigée par containers. 


656 .225 


.(2000 mots & fig.) 


1959 
Containers, n° 22, décembre, p. 32. 
Transport de semi-remorques routiéres par le systeme 
« Kangourou ». (700 mots & fig.) 


625 .245 (44) 


Economie et Technique des Transports. (Ziirich.) 


1959 625 .1 (494) 
Economie et Technique des Transports, n° 128 (7-9), p. 74. 

FAHM (J.) & SCHUPPLI (O.). — Aper¢gu concernant 
le“ programme de renouyellement du Chemin de fer de 
Soleure a Berne (S.Z.B.). (2 000 mots & fig.) 


1959 625 .42 (52) 
Economie et Technique des Transports, n° 128 (7-9), p. 88. 

STETZA (G.). — Métropolitains modernes au Japon. 
a 000 mots & fig.) 

1959 625) .213 
Economie et Technique des Transports, n° 128 (7-9), p. 92. 

Essais en Suisse avec des bogies 4 suspension a air. 
(700 mots & fig.) 


Génie Civil. (Paris.) 
1959 625 .285 (4) 
Génie Civil, n° 3500, 15 septembre, p. 357 et n° 3503; 
1€™ novembre, p. 429. 
PAPAULT (R.). — Les trains automoteurs des services 
Trans-Europ-Express. (10000 mots & fig.) 


8* 


1959 721 4 
Génie Civil, n° 3503, 1°" novembre, p. 438. 

MASSE (R.). — Calcul simplifié des arcs circulaires. 
(2000 mots & fig.) 


1959 
Génie Civil, n° 3503, 1°" novembre, p. 447. 
Le viaduc ferroviaire en béton armé de la vallée du 
Papagaio. (Brésil.) (800 mots & fig.) 


624 .63 (81) 


Rail et Traction. (Bruxelles.) 


1959 621 .431 .72 (43) 
Rail et Traction, septembre-octobre, p. 267. 

GUILLAUME (H.F.). La locomotive Diesel- 
hydraulique V 100 de la Deutsche Bundesbahn. (3 000 
mots & fig.) 


1959 621 .431 .72 (44) 
Rail et Traction, septembre-octobre, p. 293. 
La dieselisation 4 la S.N.C.F. (500 mots.) 


Revue Générale des Chemins de fer. (Paris.) 


1959 625 .285 (44) 
Revue Générale des Chemins de fer, novembre, p. 649. 
TOURNEUR. — Les autorails panoramiques série 


X 4200 de la S.N.C.F. (4.000 mots & fig.) 


1959 385 .587 (44) 
Revue Générale des Chemins de fer, novembre, p. 661. 
KIPFER. — Emploi d’un ordinateur pour la gestion 
interrégionale de piéces de rechange. (3 000 mots & fig.) 


1959 656 .212 (73) 
Revue Générale des Chemins de fer, novembre, p. 671. 

Missions ferroviaires francaises aux Etats-Unis d’Amé- 
rique (octobre et novembre 1958). 

CUREAU. — L’équipement des triages modernes et 
des halles aux marchandises. (3 000 mots & fig.) 


1959 621 .431 .72 (73) 
Revue Générale des Chemins de fer, novembre, p. 678. 

Missions ferroviaires francaises aux Etats-Unis d’Amé- 
rique (octobre et novembre 1958). 

RAVENET & BOULEY. — Le développement de la 
traction Diesel et la politique d’entretien des locomotives 
Diesei. (2 500 mots.) 

1959 625021255) 
Revue Générale des Chemins de fer, novembre, p. 684. 

Missions ferroviaires francgaises aux Etats-Unis d’Amé- 
rique (octobre et novembre 1958). 

RAVENET & BOULEY. — Problémes relatifs aux 
roues. (2 000 mots.) 

1959 625.251 (73) 
Revue Générale des Chemins de fer, novembre, p. 687. 

Missions ferroviaires francaises aux Etats-Unis d’Amé- 
rique (octobre et novembre 1958). 

LAPLAICHE. — Problémes relatifs au freinage des 
trains. (5000 mots & fig.) 


peay fate 


1959 625 .214 (73) 
Reyue Générale des Chemins de fer, novembre, p. 698. 

Missions ferroviaires frangaises aux Etats-Unis d’Amé- 
rique (octobre et novembre 1958). 

LAPLAICHE. — La détection des boites chaudes. 
(1 500 mots & fig.) 

1959 625 .23 (73) 
Revue Générale des Chemins de fer, novembre, p. 701. 

Missions ferroviaires frangaises aux Etats-Unis d’Amé- 
Tique (octobre et novembre 1958). 

ROBERT. — Allégement et simplification des gar- 
nissages de voitures. Emploi des plastiques. (2 000 mots 
& fig.) 

1959 656 .225 (73) 
Revue Générale des Chemins de fer, novembre, p. 706. 

Missions ferroviaires francaises aux Etats-Unis d’Amé- 
rique (octobre et novembre 1958). 

ROBERT. — Apercu sur l’évolution des transports 
« rail-route » aux U.S.A. (1 200 mots & fig.) 


1959 656 .222 .5 (44) 
Revue Générale des Chemins de fer, novembre, p. 711. 

Mise en service pendant 1’été 1959 d’un train « auto- 
couchettes » sur la relation Paris-Avignon et vice versa. 
(800 mots & tableaux.) 


Revue de la Société English Electric. (Stratford.) 


1959 621 .431 .72 (42) 
Revue de la Société English Electric, Vol. 16, juin, p. 3. 

COCK (C.M.). — La locomotive Deltic. (8 000 mots 
& fig.) 


La Technique Moderne. (Paris.) 


1959 
_La Technique Moderne, octobre, p. 505. 
CHAMBADAL (P.). — Les turbines 4 gaz de grande 
puissance. (5 000 mots & fig.) 


621 .438 


1959 
La Technique Moderne, octobre, p. 513. 
BACHELIER (J.). — Electrama. (A suivre.) (7.000 
mots & fig.) 


621 .3 


La Traction Electrique dans les Chemins de fer. 
(Bruxelles.) 


1959 621 .333 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 11, novembre, 
DaD55: 
NERUEZ (J.) et BONNE (P.). — Problémes de grais- 
sage des coussinets de moteurs de traction et de carters 
d’engrenages. (3 500 mots & fig.) 


1959 621 .336 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 11, novembre, 

Dp: 16: 

SUBERKRUB (M.). — L’élasticité et la dynamique de 
la ligne de contact et du capteur, leur comportement 
d’aprés la nouvelle théorie des oscillations et les influ- 
ences aérodynamiques sur le pantographe en marche aux 
vitesses élevées. (6900 mots & fig.) 


1959 621 .335 (43) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 11, novembre, 
jon SS 
MARTEN (F.). — L’étude de la partie électrique 
d’une locomotive bi-fréquence 4 redresseur au silicium 
pour les Chemins de fer Fédéraux allemands. (2 850 mots 
& fig.) 


Les Transports Publics. (Berne.) 


1959 625 .6 (494) 
Les Transports Publics, novembre, p. 3. 
La coopération des Cantons dans l’aide aux chemins de 


fer privés. (1 600 mots.) 


La Vie du Rail. (Paris.) 


1959 625 .245 (43) 
La Vie du Rail, 1°" novembre, p. 4. 


Wagons amphibies. (Allemagne.) (600 mots & fig.) 


1959 
La Vie du Rail, 1°" novembre, p. 9. 
LECOMTE (Ch.). — Parmi les pionniers de la signa- 
lisation ferroviaire... Albert DESCUBES (1858-1927). 
(2000 mots & fig.) 


385 (09 .2 


1959 
La Vie du Rail, 1°" novembre, p. 13. 
Mise en service de la traction électrique sur la section 
Loriol-Avignon. (3000 mots & fig.) 


621 .33 (44) 


1959 
La Vie du Rail, 8 novembre, p. 3. 
LIGER (J.). — Voiture de détection des avaries des 
rails en voie. (800 mots & fig.) 


625 .245 


1959 
La Vie du Rail, 8 novembre, p. 14. 
La BB - 16 500. (3 000 mots & fig.) 


621 .335 (44) 


In German. 


Die Bundesbahn. (Darmstadt und K@éIn.) 


1959 657 (43) 
Die Bundesbahn, Nr. 17, September, S. 816. 
BOTTCHER (E.). — Das Beschaffungswesen der 


Deutschen Bundesbahn. (5000 Worter.) 


— 


a : 

" 1959 : 656 .212 (43) 

Die Bundesbahn, Nr. 17, September, S. 836. 
POTTGIESSER. — Untersuchung der Méglich- 

keiten und Folgen eines Knotenpunkt-Giiter-Verkehrs auf 

einer Strecke der D.B. (2000 Worter & Tafel.) 


1959 
‘Die Bundesbahn, Nr. 18, September, S. 857. 
BALLHORN (K.). — Optimale Werkzeugmaschinen- 
nutzung. (10000 Worter & Abb.) 


621 .9 


~ 1959 669 .1 (43) 
Die Bundesbahn, Nr. 18, September, S. 871. 

HECKNER (J.). — Stahlsorten-Auswahl der D.B. 
fiir Schienenfahrzeuge und Geriite aus «DIN 17100 
Allgemeine Baustaihle Giitevorschriften ». (4000 Wor- 
ter & Tabellen.) 


1959 385 .11 (43) 
Die Bundesbahn, Nr. 19, Oktober, S. 900. 
SCHONAUER (G.). — Die Verwendung minder- 


wertiger Brennstoffe in ortsfesten Kesselanlagen. (3 000 
Worter & Abb.) 


Deutsche Eisenbahntechnik. (Berlin.) 


1959 656 .2 (43) 
Deutsche Eisenbahntechnik, September, S. 426. 

SEMPER (W.). — Zehn Jahre Betriebs- und Verkehrs- 
dienst der Deutschen Reichsbahn. (2 000 Worter & Abb.) 


1959 624 (43) 
Deutsche Eisenbahntechnik, September, S. 441. 

DUNGER (R.) & FRETER (R.). — Zehn Jahre 
Fisenbahnbriicken- und Ingenieurbau in der Deutschen 
Demokratischen Republik. (3000 Wéorter & Abb.) 


1959 625 .14 (43) 
Deutsche Eisenbahntechnik, September, S. 447. 

HOPPE (H.). — Zehn Jahre Entwicklungen im 
Oberbau. (2000 Worter & Abb.) 


1959 656 .25 (43) 
Deutsche Eisenbahntechnik, September, S. 450. 
~GEBHARDT (H.) & HENNIG (E.). — Riickblick, 
gegenwartiger Stand und Perspektive des Eisenbahn- 
Sicherungswesens der Deutschen Reichsbahn. (2 000 Wor- 
ter & Abb.) 

1959 656 .212 .6 (43) 

* Deutsche Eisenbahntechnik, Oktober, S. 484. 
= BARTSCH. (H.).. — Die Mechanisierung der Be- und 
“Entliadung bei der Deutschen Reichsbahn. (3 000 Worter 
& Abb.) 

1959 
Deutsche Eisenbahntechnik, Oktober, S. 489. 

GEISSLER (G.). — Betriebswissenschaftliche Unter- 
suchung eines Eisenbahnknotens. (4 500 Worter, Tabellen 
& Abb.) 

1959 656 .22 (47) 
Deutsche Eisenbahntechnik, Oktober, S. 497. 

BERNGARD (K.A.) & HAMMER (W.). — Theorie 
and Praxis der Fernzugbildung in der Sowjetunion. 

(Schluss folgt.) (4 000 Worter, Tafeln & Abb.) 


656 .21 


1959 
Deutsche Eisenbahntechnik, Oktober, S. 504. 
BUDIG (P.-K.). — Der moderne Baumotor. (3 500 
Worter, Tafeln & Abb.) 


621 .333 


1959 656 .25 
Deutsche Eisenbahntechnik, Oktober, S. 510. 
FENNER (W.) & FISCHER (K.). — Gedanken 


iiber Selbstblock und Fiihrerstandsignalisation im Zu- 
sammenhang mit dem neuen Signalsystem. (5 000 W6r- 
ter & Abb.) 


Der Eisenbahningenieur. (Frankfurt am Main.) 


1959 621 .33 (43) 
Der Eisenbahningenieur, Oktober, S. 295. 

KLUSCHE (W.). — Die Elektrifizierung der Eisen- 
bahn. (3 000 Worter & Abb.) 


1959 
Der Eisenbahningenieur, Oktober, S. 301. 
GOTZ (E.). — Bahnstrecke Regensburg-Passau elek- 
trifiziert. (3 000 Worter & Abb.) 


621 .33 (43) 


1959 621 .332 (43) 
Der Eisenbahningenieur, Oktober, S. 307. 
HASSLOCHER (H.). — Der Bau einer 110-kV- 


Bahnstromfernleitung von Landshut (B.) nach Plattling. 
(1 500 Worter & Abb.) 


1959 
Der Eisenbahningenieur, Oktober, S. 309. 
FRIES (R.). — Entwerfen von Fahrleitungsanlagen. 
(1 500 Worter & Abb.) 


1959 
Der Eisenbahningenieur, Oktober, S. 312. 
BETHAUSER (A.). — Aus dem Erd- und Grundbau 
der Britischen Eisenbahnen. (1 600 Wéorter & Abb.) 


621 .332 


625 .12 (42) 


1959 
Der Eisenbahningenieur, Oktober, S. 315. 
MULLER (W.). — Bau von Stiickgutumladeanlagen. 
(1 200 Worter & Abb.) 


656 .212 .7 


E.T.R.-Eisenbahntechnische Rundschau. 
(K6in-Darmstadt.) 


1959 625 .143 & 625 .15 
Fisenbahntechnische Rundschau, September, S. 380. 

REICHARDT (H.) & BINNEWIES (H.). — Neu- 
zeitliche Werkzeugmaschinen fiir die Weichen- und 
Schienenbearbeitung. (10 000 Worter & Abb.) 


1959 62 (O1 
Fisenbahntechnische Rundschau, September, S. 401. 
LANGE (H.). — Aus der metallischen Werkstoff- 


priifung bei der Deutschen Bundesbahn. (4000 Worter 
& Abb.) 


1959 625 .13 
Fisenbahntechnische Rundschau, September, S. 410. 

RAAB (F.). — Die Schadgaskonzentration in Stollen 
und Tunneln. (2000 Worter & Abb.) 


et Gee 


1959 656 .211 
Eisenbahntechnische Rundschau, September, S. 414. 

FRAUSCHER (O.). — Ermittlung der Leistungs- 
fahigkeit eines grossen Personenbahnhofs. (6 000 Worter 
& Abb.) 


1959 625 .1 (43) 
Eisenbahntechnische Rundschau, September, S. 422. 

GOERG (P.). — Das Kreuzungsbauwerk 5 in der 
neuen Verbindungskurve Ludwigshafen. (2 300 Worter 
& Abb.) 


Elektrische Bahnen. (Miinchen.) 


1959 621 .335 (436) 
Elektrische Bahnen, Heft 9, S. 193 und Heft 10, S. 231. 
ROTTER (R.). — Die Lokomotivreihe 1141 als 
Abschluss einer 30 jahrigen Entwicklung von Bo’Bo’- 
Lokomotiven bei den O.B.B. (12 000 Worter & Abb.) 


1959 
Elektrische Bahnen, Heft 9, S. 205. 
KAMMERER (A.). — Spannung, Strom und Leistung 
auf angepassten und nichtangepassten Leitungen ent- 
sprechend der allgemeinen Leitungstheorie. (3 200 Wor- 
ter & Abb.) 


1959 
Elektrische Bahnen, Heft 9, S. 211. 
BUCKEL (R.). — Massnahmen bei Beeinflussung yon 
Fernmeldeanlagen durch Wechselstrombahnen. Erldute- 
rungen zu neuen VDE-Leitsatzen. (3 000 Wérter & Abb.) 


621 31 


621 .332 


1959 
Elektrische Bahnen, Heft 10, S. 217. 
NOTHEN (J.). — Die Tauch- und Nickschwingungen 
beim Uberfahren einer Gleisunebenheit. (6000 Worter 
& Abb.) 


625 .14 


Elektrotechnik und Maschinenbau. (Wien.) 


1959 621 .31 
Elektrotechnik und Maschinenbau, 1. September, S. 431. 

BENEDIKT (O.). — Einige prinzipielle Schaltungs- 
schemas der Autodyne. (5 500 Worter & Abb.) 


1959 621 .31 
Elektrotechnik und Maschinenbau, 1. November, S. 495. 

KUSSL (V.). — Einfiihrung in die Regelungstechnik 
unter Benutzung von Funktionaltransformationen. (7 500 
Worter & Abb.) 


E.T.Z. Elektrotechnische Zeitschrift. (Berlin.) 


1959 
E.T.Z., 21. Oktober, S. 391. 
SCHMIDT (K.A.F.). — Glasseide als Isolations- und 
Konstruktions-Material in der Niederspannungstechnik, 
(4 200 Worter & Abb.) 


1959 
EZ 2h Oktober.S) 1398: 
KALLAS (H.). — Silikone im Elektromaschinenbau. 
(4500 Worter & Abb.) 


621 31 


621 .31 


1959 
EOTZ., 21aOktobernms 405s 
HOFFMANN (H.) & PFEIFFER (A.). — Kunststoffe 
fiir Niederspannungs-Schaltgerate. (3 000 Worter & Abb.) 


621 .31 


1959 621 .31 
E.T.Z., 21. Oktober, S. 419. 
GWINNER (E.). — Die Polyterephthalsaiireester- 


Folie in der Elektrotechnik. (3000 Worter & Abb.) 
1959 

E.T.Z., 21. Oktober, S. 425. 
STASTNY (F.). — Schaumkunststoffe als Isolierstoff 

in der Elektrotechnik. (500 Wé6rter & Abb.) 


621 .31 


Europa Verkehr. (Stuttgart.) 


1959 625 .2 & 669 .71 
Europa Verkehr, Heft 3,.S. 126. 
TASCHINGER (O.). — Aluminium in der Europi- 


ischen Verkehrstechnik. (4000 Worter & Abb.) 


Glasers Annalen. (Berlin.) 


1959 625 .112 
Glasers Annalen, Oktober, S. 331. 
BAZANT (J.). — Spurweiten im Schienenverkehr, 


(2000 Worter & Tafeln.) 
1959 
Glasers Annalen, Oktober, S. 338. 
FRETER (H.). — Personenwagen-Einheit mit Fern- 
steuerung fiir die Gelnhaduser Kreisbahnen. (1 500 Wor- 
ter & Abb.) 


625 .616 (43) 


1959 
Glasers Annalen, Oktober, S. 342. 
MASEL (S.). — Neue Spielarten der Huckepack- 
technik. (3 500 Worter & Abb.) 


625 .245 


1959 
Glasers Annalen, Oktober, S. 348. 
SMIATEK (L.). — Die Zugfiihrerkabine im Tender 
von Dampflokomotiven. (1 700 Woérter & Abb.) 


621 .136 


1959 
Glasers Annalen, Oktober, S. 352. 
SPERLING (E.) & BETZHOLD (Ch.). — Beitrag 
zur Fahrzeugakustik. (4000 Worter & Abb.) 


625.2 


Internationales Archiv fiir Verkehrswesen. 
(Mainz.) 


1959 ’ 656 .2 (44) 
Internat. Archiv fiir Verkehrswesen, Septemberheft, 
S. 298. 
KEICHINGER (N.). — Die Entwicklung der Auto- 
matisierung bei den franzdsischen Staatseisenbahnen 
(S.N.C.F.). (4000 Worter & Abb.) 


. 2 
4 Der Offentliche Verkehr. (Bern.) 


1959 } 656 .236 .1 (494) 
Der Offentliche Verkehr, Oktober, S. 10. 

GREDIG (M.). — Die Camionnagetarife der Schwei- 
zerischen Transportunternehmungen. (1 200 Worter & 
Tafel.) 

1959 
Der Offentliche Verkehr, Oktober, S. 12. 
Neue BLS-Personenwagen. (800 W6rter & Abb.) 


625 .23 (494) 


51959 625 .173 (494) 
Der Offentliche Verkehr, Oktober, S. 13. 
Neue Schotterreinigungsanlage. (500 Worter & Abb.) 


Siemens-Zeitschrift. (Berlin.) 

1959 621 .332 
Siemens-Zeitschrift, Oktober, S. 627. 

HARTMANN (L.) & ERTEL (K.). — Neue Strecken- 

priifeinrichtung fiir Gleichstrombahnen. (500 Worter & 


Abb.) 


Signal und Draht. (Frankfurt am Main.) 


1959 529 .75 
Signal und Draht, Oktober, S. 153. 
LEINER (G.). — Méglichkeiten der Gleichlauf- 


haltung von Hauptuhren. (4 000 Worter, Tafeln & Abb.) 


= 1959 656 .259 
Signal und Draht, Oktober, S. 162. 


Der Magnetschienenkontakt. (700 Worter & Abb.) 


1959 656 .257 
Signal und Draht, Oktober, S. 163. 
SCHMITZ (W.). — Die Schaltung des SpDrL 30. 


(Schluss.) (1 600 Worter & Abb.) 


Verkehr. (Wien.) 


1959 656 (439) 
Verkehr, Nr. 42, 17. Oktober, S. 1505. 
CSANADI (G.). — Theoretische und praktische 


Fragen zur Verkehrsteilung in Ungarn. (1 200 Worter.) 


1959 385 (09 (438) 
Verkehr, Nr. 46, 14. November, S. 1650. 
STRZELECKI (R.). — Die polnischen Eisenbahnen- 


heute und morgen. (3 000 Worter & Abb.) 


In English. 


B.T.H. Activities. (Rugby.) 


1959 621 .431 .72 (931) 
B.T.H. Activities, July-August, p. 155. 

ERRINGTON (E.K.) and LESTER (F.D.).. — 
420-H.P. Diesel-electric locomotives. (1400 words & 


figs.) 


Electrical Engineering. (New York.) 


1959 53 & 62 
Electrical Engineering, September, p. 906. 
DOUGLAS (D.L.). — Advances in basic sciences. 


1. — Fuel cells. (3 000 words, tables & figs.) 


Electric Traction on the Railways. (Brussels.) 


1959 621 .33 (43) 
Bulletin of the International Railway Congress Asso- 
ciation. — Electric Traction on the Railways, 


No. 11, November, p. 511. 
PETERS (A.). — Electric traction on the German 
Federal Railways in 1959. (1 600 words & figs.) 


1959 621 .336 
Bulletin of the International Railway Congress Asso- 
ciation. — Electric Traction on the Railways, 


No. 11, November, p. 518. 

SUBERKRUB (M.). — Elasticity and dynamics of 
overhead contact lines and current collectors, their per- 
formance in the light of a new theory of vibratory 
movements, and the aero-dynamic influences on the 
pantograph during high-speed working. (To be continued). 
(4700 words & figs.) 


1959 621 .335 (44) 

Bulletin of the International Railway Congress Asso- 

ciation. — Electric Traction on the Railways, 
No. 11, November, p. 540. 

The traction motors of the single phase 25 kV 50 Hz 
high speed type BB 16 000 locomotives. (4000 words & 
figs.) 

GARREAU. — Sketch out of the problem. 

LETRILLIART. — The traction motor. 


The Engineer. (London.) 
1959 621 .338 (42) 
The Engineer, October 2, p. B53: 
Traction equipment for 50 c/s trains. (2 800 words 
& figs.) 


1959 621 .431 .72 (42) 
The Engineer, October 2, p. 361. 


Heating of new Diesel trains. (600 words & figs). 


1959 621 .131 .3 (42) 
The Engineer, October 9, p. 383. 
2-10-0 standard freight locomotive performance and 


efficiency tests. (3 400 words, tables & figs.) 


1959 621 .33 (42) 
The Engineer, October 16, p. 429. 
Signalling equipment on 50 c/s electrified lines. (2 200 


words & figs.) 


Engineering. (London.) 


1959 625 .13 
Engineering, September 11, p. 180. 

KERENSKY (0.A.). — Critical survey of bridge 
design. (7 200 words & figs.) 

1959 656 .2 (42) 


Engineering, September 18, p. 223. 
WILSON (R.). — Railways, roads and the public 
good. (4000 words.) 
1959 
Engineering, September 18, p. 226. 
FIENNES (G.F.). — Future of freight by rail. (3 400 
words.) 


656 .2 (42) 


1959 656 
Engineering, September 18, p. 229. 
HINDS (G.H.). — Computers in transport. (2 400 
words.) 
1959 
Engineering, September 18, p. 231. 
WARDER (S.B.). — Railway electrification programme. 
(4 600 words.) 


621 .33 (42) 


Proceedings, The Institution of Civil Engineers. 
(London.) 


1959 625 .172 (42) 
Proceedings, The Institution of Civil Engineers, October, 
p. 205. 
DEAN (A.) and LAYHE (A.C.). — The mechaniz- 
ation of railway civil engineering maintenance work. 
(4000 words, tables & figs.) 


Proceedings of the Institution of Mechanical 
Engineers. (London.) 
1958 656 .2 
Proceedings of the Institution of Mechanical Engineers, 
Volume 172, No. 37. 
GROSSMITH (G.W.). — Mechanical marshalling 
of railway wagons in works sidings. (16 pages, illustrated.) 


Japanese Railway Engineering. (Tokyo.) 


1959 
Japanese Railway Engineering, July, p. 32. 
SHOICHI HARAGUCHI. — Construction of Hoku- 
riku tunnel. (1 800 words, tables & figs.). 


625 .13 (52) 


1959 621 .33 (25) 
Japanese Railway Engineering, July, p. 36. 

SHIRO SEKI. — Development of A.C. electric trac- 
tion in Japan. (1 200 words & figs.). 


The Locomotive. (London.) 


1959 
The Locomotive, September, p. 162. 


New 2 800 HP motorcoaches for push- and- pull trains, — 


Swiss Federal Railways. (800 words & figs.) 


1959 621 .338 (42) 
The Locomotive, October, p. 184. 
New electric trains for Manchester-Bury service. 


(1 000 words & figs.) 


1959 621 .431 .72 & 621 .438 
The Locomotive, October, p. 186. 

The Diesel and gas turbine locomotive in British con- 
ditions. (2 000 words & tables.) 


Modern Transport. (London.) 


1959 656 .2 (42) 
Modern Transport, September 12, p. 13. 
FIENNES (G.F.). — Inland freight. Future trends. 
(2 600 words.) 
1959 
Modern Transport, September 19, p. 5. 
The next five years. Modernising British Railways. 
(2 000 words.) 


656 .2 (42) 


1959 656 .2 
Modern Transport, September 19, p. 10. 

WILSON (Sir Reginald). — Transport Economics. 
(1 800 words.) 

1959 625 .28 (42) 


Modern Transport, September 26, p. 3. 
SMEDDLE (R.A.). — Some recent railway develop- 
ment. (1 500 words.) 


Journal, The Permanent Way Institution. 
(Tonbridge.) 


1959 6255.17) 
Journal, The Permanent Way Institution, August, p. 122. 

COOMBS (D.H.). — The maintenance of long welded 
rails. (3 000 words.) 

1959 625172 
Journal, The Permanent Way Institution, August, p. 128. 

FIELD (H.E.). — The Matisa track recording trolley. 
(3 200 words & figs.) 


Railway Age. (New York.) 


1959 621 .431 .72 (73) 


Railway Age, August 10, p. 21. 
PRR program improves motors. (800 words & figs.) 


| 
621 .33 (494) © 


j 


a 
1959 

Railway Age, November 2, p. 18. 
-CRAIB (R.). — Special report : The changing face 
yf Canada’s Railroads. (17 pages, illustrated.) 


656 .2 (71) 


1959 
Railway Age, November 9, p. 20. 
RRs plan concrete-tie tests. (800 words & figs.) 


621 .142 .4 (73) 


The Railway Gazette. (London.) 


- 1959 621 .138 (42) 
The Railway Gazette, October 2, p. 234. 

Upminster railway depot, London Transport Executive. 
(3 200 words & figs.) 

1959 614 .8 & 625 .28 ( 
The Railway Gazette, October 2, p. 241. 

Detectors for accident prevention. (1 200 words & figs.) 


1959 
The Railway Gazette, October 2, p. 243. 
Testing disc brakes on railbus. (900 words & figs.) 


625, 251 


1959 
The Railway Gazette, October 9, p. 266. 
MAYR (R.). — Comfort in railway travel. (3 600 
words & figs.) 


525%-23) (0 


1959 PAL BS 8) 
The Railway Gazette, October 9, p. 271. 
200-ton locomotive traverser at Crewe Works, L.M. 


Region. (200 words & fig.) 


1959 621 .431 .72 (42) 
The Railway Gazette, October 9, p. 273. 

London-Bedford multiple-unit Diesel trains. (1 000 
words & figs.) 


1959 621 .431 .72 (82) 
The Railway Gazette, October 9, p. 274. 

British Diesel-electric locomotives for 
(1 200 words & figs.) 


Argentina. 


Diesel Railway Traction. (London.) 


~ 1959 621 .431 .72 (82) 
Diesel Railway Traction, September, p. 323. 
Large locomotives for Argentina. (2 400 words & figs.) 


1959 621 .431 .72 (6) 
Diesel Railway Traction, September, p. 328. 

Shunting locomotives for the Congo. (600 words & 
figs.) 


1959 625 .213 (42) 


‘Diesel Railway Traction, September, p. 329. 
Pneumatic suspension for railbus. (800 words & figs.) 


stn 0, geet 


1959 621 .431 .72 
Diesel Railway Traction, September, p. 332. 
3 000 HP Diesel-hydraulic locomotive. (6 000 words 
& figs.) 
1959 621 .431 .72 
Diesel Railway Traction, September, p. 358. 
ae single-engine prototype, U.S.S.R. (1 200 words 
gs. 


Railway Locomotives and Cars. (New York.) 


1959 625 .214 (73) 
Railway Locomotives and Cars, August, p. 38. 

C.P.R. ready for lubricator reclamation. (500 words 
& figs.) 

1959 625 .2 (73) 
Railway Locomotives and Cars, October, p. 27. 

GATC develops «universal » piggyback car. (1 000 
words & figs.) 

1959 621 .431 .72 (73) 
Railway Locomotives and Cars, October, p. 29. 

Winterizing GM locomotives. (3 000 words & figs.) 


Railway Magazine. (London.) 


1959 656 .2 (42) 
Railway Magazine, August, p. 508. 
WALSH (B.D.J.). — The railway conversion fallaey. 


(1 000 words.) 


Railway Signaling & Communications. 
(New York.) 


1959 625 .162 (73) 
Railway Signaling & Communications, October, p. 15. 

D & H upgrades crossing protection. (1 000 words & 
figs.) 

1959 656 .25 (73) 
Railway Signaling & Communications, October, p. 22. 

Railroad microwave - A topic for discussion. (1 800 
words.) 


1959 625 .214 (73) 
Railway Signaling & Communications, October, p. 26. 
New hot box detector in service. (2 200 words & figs.) 


The Railway Technical Research. (Tokyo.) 


1959 625 .11 (52) 
The Railway Technical Research, March, p. B22 

TETSUJI ENDO. — The projected standard-gauge 
Tokaido trunk line. (6 200 words, tables & figs.) 


ey ae 


Railway Track and Structures. (Chicago.) 


1959 625 .172 (73) 
Railway Track and Structures, August, p. 21. 
New aid to better track surface. (2 000 words & figs.) 


1959 625 .13 (73) 
Railway Track and Structures, September, p. 32. 

WOOLFORD (F.R.). — Prestressed concrete 
trestle. (1 800 words & figs.) 


1959 621 .33 (68) & 621 .431 .72 (68) 
Railway Track and Structures, October, p. 28. 

COOPER (B.K.). — Choice of motive power. - Recent 
developments in electric and diesel traction. (2 000 words 
& figs.) 


1959 656 
Railway Track and Structures, October, p. 36. 
DAY (J.R.). — Transport Commission to test an 


« Amphibian » vehicle for road or rail. (1 600 words & 
figs.) 


In Spanish. 


Revista de Ciencia Aplicada. (Madrid.) 


1959 621 .89 
Revista de Ciencia Aplicada, septiembre-octubre, p. 385. 

MARQUEZ DELGADO (R.). — Lubricacién limite; 
su estudio mediante la difraccién de los electrones. 
(6000 palabras & fig.) 


In Italian. 


Alluminio. (Milano.) 
1959 
Alluminio, n° 10, p. 441. 
PANSERI (C.) & MORI (L.). — Resistenza a fatica 
a flessione rotante delle principali leghe leggere da lavora- 
zione plastica. (2 500 parole, tabelle & fig.) 


62 (01 


Ingegneria Ferroviaria. (Roma.) 


1959 
Ingegneria Ferroviaria, ottobre, p. 861. 
STAGNI (E.). — Instabilitaé termica di un binario 
interamente saldato. (8 000 parole & fig.) 


625 .14 


1959 
Ingegneria Ferroviaria, ottobre, p. 889. 
_ BIANCHI (M.). — Applicazione di un metodo di 
ricerca operativa ad alcuni problemi ferroviari. (5 000 
parole & fig.) 


656 .2 


1959 621 .336 
Ingegneria Ferroviaria, ottobre, p. 897. ; 
GIAGNONI (C.). — Alcune considerazioni sulle 


derivazioni di corrente dalla linea aerea e sui pil. oppor- 
tuni materiali di contatto. (2 500 parole & fig.) 


1959 
Ingegneria Ferroviaria, ottobre, p. 906. ; 
VREBOS (J.). — Il piano di riforma e di risanamento 
della situazione finanziaria della Societa Nazionale delle 
Ferrovie Belghe. (4.000 parole & tavole.) 


656 .2 (493) 


1959 656 
Ingegneria Ferroviaria, ottobre, p. 913. 


ARANGI (G.). — Simbiosi nei trasporti. (2 000 parole.) 


1959 
Ingegneria Ferroviaria, ottobre, p. 917. 
PIZZO (P.). — Aspetti particolari dei costi ferroviari 
e orientamenti per nuovi campi di indagine. (1 300 
parole.) 


385 .11 


Rivista di Ingegneria. (Milano.) 


1959 
Rivista di Ingegneria, ottobre, p. 1221. 
MATTIAZZO (F.). — Sulla ripartizione trasversale 
dei carichi negli impalcati dei ponti in cemento armato. 
(5 000 parole & fig.) 


624 .63 


In Netherlands. 


De Ingenieur. (Den Haag.) 


1959 
De Ingenieur, n™ 42, 16 oktober, p. B. 184. 
VREEDE (F.A.). — Vergroting van de wringings- 
stijfheid van I-balken. (2 000 woorden & fig.) 


624 .2 


1959 654 
De Ingenieur, n™ 45, 6 november, p. E. 143, 146 en 150. 

Kwaliteitsbeheersing en kwaliteitscontrole in de telecom- 
municatie,. 

I. Inleidende beschouwingen, door D. VAN DEN 
BERG. (2000 woorden & fig.) 

II. Kwaliteitsbeheersing en —controle van de trans- 
perce a door A. BOESVELD. (2 000 woorden 

g. 

Il. Kwaliteitsbeheersing en -—controle in telefoon- 

centrales, door W. VAN EIJK. (2 000 woorden.) 


Spoor- en Tramwegen. (Den Haag.) 


1959 656 
Spoor- en Tramwegen, nt 21, 8 oktober, p. 335. 

HOOFTMAN (J.C.). — Rationalisatie in het verkeers- 
wezen. III. (1 200 woorden.) 


* 


3 


1959 656 .212 (492) 
Spoor- en Tramwegen, n* 21, 8 oktober, p. 340. 
Een nieuw groepshoofdstation in Acht. (1 200 woorden 
& fig.) / 

1959 385 (09 (94) 
Spoor- en Tramwegen, n‘ 21, 8 oktober, p. 342. 
_ VAN BIJNEN (J.). — De spoorwegen van Australié. 
De South Australian Railways. (1500 woorden & fig.) 


© 1959 

Spoor- en Tramwegen, n‘ 21, 8 oktober, p. 346. 
De modernisering van de Europese spoorwegen. (1 000 

woorden.) 


656 (4) 


1959 624 (492) 
Spoor- en Tramwegen, né 22, 22 oktober, p. 351. 

VAN MAARSCHALKERWAART (H.M.C.M.). — 
De nieuwe brug over de Polderyaart bij Kethel tussen Delft 
en Schiedam. De stalen bovenbouw. (1 200 woorden & 
fig.) 


ee pie 


1959 385 (09 .3 (492) 
Spoor- en Tramwegen, n’ 22, 22 oktober, p. 356; nt 23, 
5 november, p. 372. 
LANDSKROON (EF.P.A.). — Beknopte geschiedenis 
der spoorwegen in Nederland. VI-VII. (5 000 woorden 
& fig.) 


1959 625 .42 (44) 
Spoor- en Tramwegen, n* 22, 22 oktober, p. 360. 
GUENTER STETZA. — Metrostations te Parijs 


gemoderniseerd. (600 woorden & fig.) 


In Portuguese. 


Gazeta dos Caminhos de ferro. (Lisboa.) 


1959 385 (09 (52) 

Gazeta dos Caminhos de ferro, n° 1725, 1 de novembro, 
p. 435. 

Os Caminhos de Ferro Japoneses. (1 500 palavras.) 
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OVER 100 YEARS AGO 


— at the Great Exhibition in London in 1851 — this locomotive 
was considered to be revolutionary! 
Since then vast strides have been made in railway engineering, 


new sources of power have been utilised and tractive efforts and 


speeds increased. But this would all have been in vain if axlebox 
development had not kept pace with these new techniques, q 
hot boxes and damage to axles would have severely restricted 
the progress of the railways. 

To-day, more than one million S&S axleboxes 


are ensuring high-speed, trouble-free operation throughout 


aS eee 


the railways of the world. 
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